














)QUILD 


YOUR MODERNIZATION PROGRAM AROUND 


VAUGHN WIRE-DRAWING EQUIPMENT 


MOTOBLOX 


A rounded, well-proved line of wire-drawing 
machinery that meets every requirement of 
the modern mill . . . equipment that satis- 
fies today’s need for speed, flexibility, and 
the ability to draft products of the highest 
quality with economy of operation and main- 


tenance .. . all this is at your command in 
Vaughn Wire-Drawing Machinery, backed by 
64 years of specialized experience in the 
needs of the wire mill. Why not let Vaughn 
Engineers cooperate with you in solving your 
replacement problems? 


THE VAUGHN MACHINERY COMPANY 
CUYAHOGA FALLS, OHIO, U.S.A. 


COMPLETE WIRE DRAWING EQUIPMENT . .. CONTINUOUS OR SINGLE HOLE... FOR THE LARGEST 


BARS ... FOR THE SMALLEST WIRE . . . 


FERROUS, NON-FERROUS MATERIALS OR THEIR ALLOYS 


BE SURE TO SEE OUR CENTER SPREAD 
ADVERTISEMENT THIS ISSUE 




















540 








If you have a difficult problem of wire fabrication....or 
one that is new to you....we suggest that you submit it to 
our research workers. Quite possibly they already know 
the economical answer. 


Youngstown Wire Products include:- 
BOLT WIRE .. SPRING WIRE .. CHAIN WIRE .. HINGE WIRE 


COAT AND HATHOOK WIRE................ RIM WIRE 
COLD HEADING WIRE......... MACHINE SCREW WIRE 
Wer Baume WERE .. 2. ect scvses to your specifications 


Youngstown Wire Products are available in YOLOY, 


the high tensile corrosion-resistant alloy. 


THE YOUNGSTOWN SHEET AND TUBE CO. 


Manufacturers of Carbon and Alloy Steels 


General Offices . . . YOUNGSTOWN, OHIO 



























Ready For Immediate Shipment! 


AS NEAR as your telephone are the of our customers’ die requirements over 
3000 drilled and rough moulded Car- a period of 3 years, is an important 
boloy dies maintained in stock, ready 
for immediate shipment, at Chicago, 
Detroit, Newark and Pittsburgh. 


feature of Carboloy service—an ex- 
clusive cemented carbide service or- 
ganized to serve you in the most 


THIS stock based on a careful study prompt and efficient way possible. 
CARBOLOY COMPANY, INC, 
t CHICAGO CLEVELAND DETROIT NEWARK PHILADELPHIA PITTSBURGH 
CEntral 0634 HEnderson 0552 Fitzroy 4040 Mitchell 2-8177 Michigan 5137 COurt 1347 


AUTHORIZED DISTRIBUTORS: 
HARTLEY WIRE DIE CO., WATERBURY, CONN. 


Visit Booth No. J-3 National Metal Exposition September 30th to October 4th, Chicago, Illinois 


I NUte) Fed Bl AA: 


WIRE & WIRE PRODUCTS, Vol. 10, No. 9, September, 1935. Executive office, 17 East 42nd St., New York, N. Y. Published by the Quinn- 
Brown Publishing Corp., Richard E. Brown, President; R. S. Spengel, Secretary and Treasurer. Publication office, 13 West Church Street, 
Washington, N. J. Subscription price: U. S., $5.00; Canada, $5.60 per year, 50 cents per copy; Foreign, $7.50 per year. Entered as second 
class mail at the Post Office, Washington, N. J., under Act of March, 1879. Copyright, 1935, by Quinn-Brown Publishing Corp. 























NORTON COMPANY 


WORCESTER, MASS. 


New York Chicago Detroit 
Philadelphia Pittsburgh Hartford 
Cleveland Hamilton, Ont. 
London Paris 
Wesseling, Germany 


DO YOU USE 
CEMENTED CARBIDE DIES? 


For economical ripping, drilling 
and polishing of cemented carbide 
wire drawing dies you'll like Nor- 
bide Abrasive. 
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GRINDING WHEELS 








Hot Mill Rolls .... 


Cold Mill Rolls... . 
Tinning Rolls ..... 


HE wheel requirements for each are different. 
Even on similar jobs the requirements differ in 
different mills ...some mills stress speed of cutting 
action, some stress wheel life, some stress quality 
of finish. But whatever the requirements there is a 
Norton wheel to do the job—and do it mighty well. 


There are wheels of Crystolon abrasive for chilled 
iron rolls and Alundum abrasive for hardened steel. 
There are vitrified, shellac and Bakelite bonds. 
Grain sizes vary from coarse for roughing to as 
fine as 500 fo rolls requiring extremely high lustre. 
And with Norton wheels the structure, too, is 
under definite control—is positively varied to meet 


individual requirements. 
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Furnaces 


O MAKE sure that your coiled 

steel, copper, or bronze wire or 
strip will be of high quality—which 
is today’s best sales appeal—bright- 
anneal it in G-E controlled-atmos- 
phere electric furnaces. These de- 
pendable furnaces will bright-anneal 
your product quickly and uniformly 


at low cost. 


In Steel Mills 


Several steel mills that are now 
bright-annealing their coiled steel 
strip in G-E bell-type furnaces are 
getting a higher-quality anneal and 
at the same time saving over two 
dollars a ton on their annealing 
costs. The strip comes from the 
furnace clean, bright, and uniformly 
annealed—no sand scratching, no 
sticky coils. 


GENERAL @ ELECTRIC 


September, 1935 


To Improve Quality 
and Reduce Costs 
BRIGHT-ANNEAL 


Your Strip 
or Wire in G-E 
Bell-type Electric 








In Copper-wire Mills 


Wire mills that are now bright-an- 


nealing their products in G-E bell- 
type furnaces are getting a higher- 
quality anneal at a lower cost. In 





This furnace bright-anneals copper wire in 
a G-E plant. A similar G-E furnace bright- 
anneals steel wire for the B. Greening 
Wire Co., Hamilton, Ont. 





One of three G-E bell- 
type furnaces that are f 
helping a large Eastern 
steel mill improve the | 
quality and lower the} 
, annealing costs of its cold- 
rolled strip 












fact, the cost of electric power is 
less than one-half of one per cent 
of the cost of the wire—and no 
drying or respooling is required. 


Other Advantages 


In addition to high-quality anneal- 
ing at low cost, G-K bell-type fur- 
naces equipped with either central- 
heating elements or fans in bases 
offer you uniform temperature, high 
heating and cooling rates, flexibility 
of production, ease of loading, 
better working conditions, and low 
upkeep. Write for Bulletins GEA- 
1495, “G-E Bell-type Furnaces for 
Bright-annealing Coiled Steel 
Strip,” and GEA-1752, “G-E Bell- 
type Furnaces for Nonferrous An- 
nealing.” Address Dept. 6C-201, 
Schenectady, N. Y. 


170-23 
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You are cordially invited to 
drop in at the cee 


MICRO | 


DISPLAY ROOM 


20 NORTH WACKER DRIVE 






Here you will find a roomy, comfortable, cool spot 
to relax, and perhaps discuss informally the vari- 
ous welding problems of your business... an idea 
or two may develop to make your visit well worth 
while—who knows! 


a al 


Because there must be some GOOD reasons why 
so many nationally known wire converters are in- 





. " " T * H _ _ _ —o — —_—< - 
stalling more and more MICRO Welders. Micro Model “J-4” 
Automatic Flash Welder for Round 
Only and Flat Wire and Strip Stock. 














MICRO i. 


has patented 
speed - precision 
adjustment dials 


Precision 

















Ask us about your 
welding problems 
and we'll tell you 
what MICRO can 
do for you. 


MICRO 
PRODUCTS 
COMPANY 


20 North Wacker Drive 
Phone State 7468 


CHICAGO, ILL. 





Micro Model “T” 


Factory and General Micro Model “T” 
Office G IP i adi Wich 6 Automatic Butt Welder for high speed 
eneral Purpose Bu elder for welding wire and rod from %” to 5%” 
PEORIA, ILL. fast, accurate heavy-duty service. diameter. : , 
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z OF INTEREST! % 


— TO MANUFACTURERS AND USERS OF WIRE DRAWING DIES — 
INSPECT THIS MODERN PRECISION BENCH LATHE UNIT 
AT 


SECTION L31—NATIONAL METAL EXPOSITION—CHICAGO 
SEPTEMBER 30-OCTOBER 1, 2, 3, 4 





HARDINGE “CATARACT” PRECISION BENCH LATHE UNIT FOR MANUFACTURING AND REWORKING 
WIRE DRAWING DIES. 


Manufacturers and users of wire drawing dies continue to specify Hardinge “Cataract” Pre- 
cision Bench Lathes. The accuracy, high spindle speeds, rugged design and ease of operation 
are the outsanding features. Collets, Jaw Chucks, Step Chucks, Lever Slide Rests, Lever Tail- 
stocks and many other attachments are available. 

The various models of Hardinge Precision Bench Lathes are used for turning, boring, drilling 
and finishing operations in the manufacture and reworking of wire drawing dies. Many other 
uses are apparent to you, such as making and reworking lapping needles, ete. 


SEE EXHIBIT AND GET COMPLETE INFORMATION 


HARDINGE BROTHERS, Inc. ELMIRA, N. Y. 


NEW YORK — CHICAGO — DETROIT # 
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Drawing steel wire 
at the rate of 


2000 FT. per MINUTE! 


VASCOLOY- <a 
RAMET 


wins a 2 way 







Against Abrasion at Terrific speed 


f Production Required drawing the wire gauging .0335 inches to 
j .0115 on the block at high speed . . . much beyond regular 
_ practice. Vascoloy-Ramet dies together with this new wire drawing 

machine by Vaughn Machinery Company has made this heretofore 
impossible job a matter of every day performance. 


Against Etching Effect of Lubricant 


Vascoloy-Ramet dies present an impervious surface to the vitrol 
solution. In this point alone wire drawing dies of Vascoloy- 
Ramet insure trouble free performance and maintained gauge 
accuracy of the finished product. 





Specify VASCOLOY- 
RAMET por drawing 


wire, tubing and shapes. V ANADIUM- 
ALLOYS STEEL CO. 


PITTSBURGH, PA. Vessdiim- ios. Sect Company 


1440 West Randolph Street, Chicago, Ill. 
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Hubbard Spool Company 


Extends Greetings to the 
Members of the 


Wire Association 
‘e 


While In Chicago 
We Would Be Pleased 
To Have You Call On Us 


& 


Hubbard Spool Company 


1622 Carroll Avenue 
Chicago, III. 


TELEPHONE SEELEY 4554 
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WIRE ROD AND TUBE 
DIES AT HALF COST 
through 
MASTER RECONDITIONING 
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HE Master Wire Die Corporation is the first and the only con- 

cern that is capable of manufacturing Tungsten Carbide Dies 
from old worn-out die material. We are independent of any 
group of die manufacturers and consequently govern our own 
prices. 


HERE old, discarded die material is not available for recon- 

ditioning, we supply dies reconditioned from our own stock 
of reclaimed material which is ample enough to fill the needs 
of the country's wire mills for years to come. 


+++ 


UR equipment and stock on hand, together with our long ex- 
perience in die making, enables us to fill any order, large or 
small, at short notice. 


ON'T throw away cracked or worn out dies. Send them to us 
and let us make them into new usable ones, weight for weight, 
in any size required. 





Master Wire Die Corporation 


408 Concord Avenue NEW YORK, N. Y. 
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USE A 


TURKS HEAD 


For Irregular Shapes 
and Sections 





ADJUSTABLE DRAW PLATE—UNIVERSAL 


THe Universal Type is so named in comparison with the 

Plain Type because the opening for the wire can be 
adjusted to any size within the rated capacity, very 
quickly, without change of rolls, by simply turning the two 
square head adjusting screws shown in the cut. The ad- 
justment is such as to obtain any square or 
flat within the range given. The adjusting 
screws are provided with graduated dials 
for maintaining accuracy in the drawn wire. 
The rolls are mounted on roller bearings, 
which eliminate heating of the journals and 
consequent distortion of the material being 
drawn. 


HESE Turks’ Heads are 
great labor savers and far 
superior to any other tool in 
drawing or rolling square or flat 
wire. They eliminate entirely 
the replacement cost on worn 
dies, of the solid type. They are 
strong and durable and can be 


on the softer metals. Brackets 
are available for attaching them 
to wire drawing machines, roll- 
ing mills and draw benches. 

Special sizes are made to order. 


No. 13 DRAW BENCH > 
EQUIPPED WITH 
used on steel and iron as wellas No. 6U-UNIVERSAL TURKS 

HEAD 


THe Adjustable Draw Plates (better known as Turks 
Heads) of the Plain type, so named because the 
opening for the wire can be adjusted by four independ- 
ent square head screws. The side rolls as shown in the 
cut are of a width of face to suit the width of stock be- 
ing drawn. They may be adjusted for maintaining thick- 
ness. All four adjusting screws are provided with gradu- 
ated dials for obtaining accuracy. The rolls are mounted 
on roller bearings, which eliminate heating of the journals 
and consequent distortion of the material being drawn. 


ADJUSTABLE DRAW PLATE-PLAIN TYPE 
“TURKS HEAD” 











THe faces of the rolls on the Plain Type may be formed 

to suit irregular sections of stock. Also the rolls may 
be engraved so as to obtain figured designs on the drawn 
stock such as on the fancy wire used in jewelry or as on 
the figured tubing used in ornamental brass work. 












STANDARD MACHINERY COMPANY . 


PROVIDENCE, R. I, 
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A NEW HIGH SPEED BUNCHER PRODUCED BY 


NEW ENGLAND BUTT 














eee oes 


The Bucher illustrated above has the hinged-cover metal rotor guard removed to show the design 
of the machine. 


HIS Buncher was developed to twist long lengths of HE Buncher is driven by a 3-HP, slow-starting, heavy- 
small wires at a high speed by using a large wind-up duty motor, and controlled by push buttons placed on 
F the lay plate end of the machine. 
reel. + + + 
+ + + 


A BRAKE, controlled by a foot lever, is located in a 
convenient position for the operator. 
+ + + 

COMPLETE description of this machine, together 

with specifications and price, will be supplied upon 
18” diameter by 11” traverse are commonly used. How- request. 
ever, the machine can be made to take reels 22” diameter 
by 8” traverse. Change gears are furnished to give lays : : ‘ 
V," to 6”. which oa he ei ee +h 4.500 to 54,000 of the large wire manufacturers, some of whom have 
2 toG, which makes it possible to bunch 4,9 ~ eer reported a saving of two-thirds of their former bunching 
feet of wire per hour. costs. 


HE machine is constructed to make two twists in the 
wires in one revolution of the rotor, which revolves 
at 900 r.p.m., thus producing 1,800 twists per minute. Reels 


+ + + 
ROUPS of these Bunchers have been supplied tojmany 


E build a complete line of Stranding Machines, Cabling Machines, Closing Machines, 
Rubber Strip Covering Machines, Measuring Machines, Braiders and other allied 
machines for the wire trade. 


NEW ENGLAND BUTT COMPANY 


DEPT. W-9, PROVIDENCE, R. I. 
CHICAGO OFFICE 20 NORTH WACKER DRIVE 


Makers of Fine Quality Long Service Insulated Wire Machinery 
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George Crossley, Ltd., Cleckheaton, England 


IT STILL RUNS 

















But would you drive it today ? 


Thirty year old wire machines run today, but have 
they modern speed, safety, and performance? 


Modern equipment pays 


Morgan Wire Mill Machinery has consistently kept 
abreast of the times. Morgan engineers are ready 
to aid you in your Wire Drawing problems. 


MORGAN CONSTRUCTION COMPANY 


Worcester, Mass. 


-- Makers of -- 
Morgan-Connor Wire Machines—Morgan-Paff Wire Blocks—Horizontal 
Bull Blocks—Circulating Air Bakers—Pointers—Trucks—Take-up Frames 
—Rod Frames—Miscellaneous Wire Mill Equipment. 


FOREIGN REPRESENTATIVES 
Sole Agent, British Isles Sole Agent, Europe 


Malmedie & Co., Dusseldorf, Germany 
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i | MALMEDIE & CO., A. G. 


Makers of High Grade Wire 
Machinery 
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Established 
1873 


M. A. IRMISCHER, Inc. 


34 CHURCH STREET 


New York, N. Y. 
Importers Since 1922 


offer you Germany's most efficient machines, such as 





Speed Hexagon Netting Automaton 
Model TUD-N 











Pins, Paper Clips, Handles, Can Keys, Cotter Pins, Wire 
Ties, Clothes Peg Springs, Staples, Spokes, Strainer Frames, 
Wire Healds, Barb Wire, Etc. 


WIRE NETTING MACHINES for hexagon and straight line 


mesh as used for Poultry Fences, Kennels, Guards, Wire | 
Glass, etc. | 


NUT PRESSES cold working, for single and double chamfered nuts. 
NAIL and TACK MAKING MACHINES for all kinds of Nails 


and Tacks. 


CHAIN FORMING AUTOMATONS for oval chains up to 34” | 


stock, Tire Chains, Brown--, Jack--, Triumph--, Register--, 
Sprocket Chains, Clock--,Ornamental Chains, Etc. 


AUTOMATIC CHAIN WELDING MACHINES for chains up 


to 3/4,” stock. 


WIRE WEAVING LOOMS world famous “IRMISCHER”’ 
Looms for all kinds of Screens and Wire Cloth from finest 
to coarsest mesh, for Fourdrinier, and Cylinder Cloth up to 
335” weaving width. Highest efficiency by means of pat- 
ented “Irmischer” Sword Pirn Shuttles, movable Shuttle 
Boxes which keep shuttle on narrow cloth as close to the 
edge as on the full width and many other features. 


High Speed Cold ay Press WIRE FORMING AUTOMATONS for Hooks, Eyes, Rings, 








| 








Franz Irmischer 


Makers of the famous 
“Irmischer” Wire Weaving 
and Fourdrinier Looms 
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Saalfeld, Saale, Germany 





Established 1894 
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REDUCE MAINTENANCE COSTS 
PRODUCE CLEANER AND BETTER WIRE 


WITH THE NEWLY COMPLETED LINEOF HGH-SPEED 
UPRIGHT CONE WIRE DRAWING MACHINES 








NO. 0-16 DIE MACHINE WITH NO. 1-16 DIE MACHINE WITH SPOOLING ATTACHMENT 
SPOOLING ATTACHMENT —MAY ALSO BE FURNISHED WITH WIRE BLOCK 





NO. 3-7 OR 8 DIE MACHINE WITH WIRE BLOCK—12-13 
NO. 2-14 DIE MACHINE WITH FLOOR SPOOLER—MAY DIES DOUBLE DECK WITH WIRE BLOCK OR FLOOR 
BE FURNISHED WITH WIRE BLOCK SPOOLER 


Waterbury Farrel Foundry and Machine Company 


Waterbury, Connecticut 


OFFICES 
CLEVELAND CHICAGO PHILADELPHIA 
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¢e Announcing 


A NEW BOOK ABOUT WIRE! 


STEEL WIRE 


By MAURICE BONZEL 


=ailH|S complete treatise on every phase of the manufacture of high and low carbon 
steel and ferrous alloy wires is now published in English, in a limited edition. 





The author, trained as a metallurgist, is general manager of a large wire mill 
in France. He has taken full advantage of his unique opportunities. 


‘se 
650 pages. 450 charts, photomicrographs and illustrations 
ca 
Tesetbined ty Keema: Lewis, Conndiiinn Teadinne: 
4 + 


Published by the translator. 


++ + 


Now Ready For Delivery --- Price $15.00 


en ae 


SEND ORDERS TO 


WIRE and WIRE PRODUCTS 


17 East 42nd Street New York 
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Choose and Use 
Bell-Mine Rotary Kiln Pulverized Lime | 


Shipped in tight steel drums or in multi-wall paper bags (C.L. or L.C.L.) 











For Longer Die Life 
For Greater Adhesion 
For a Smooth Rod Coat 

For Greater Putty Yield per Unit of Lime Slacked 





——————————— 


AMERICAN LIME & STONE COMPANY 


(Subsidiary of Warner Company) 


| MANUFACTURER OF BELL-MINE LIME PRODUCTS 
Bellefonte, Pa. 


AS Bs 
Sue Or 
Kao> 
ee 
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At the 1935 Meeting and Exhibition 

of The Wire Association | 

at Chicago, Sept. 30 to Oct. 4 
Consult Our 


Mr. R. L. HAMAKER 


for information or quotations 
at 


Association Headquarters 


Hotel Congress 
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Shadow-graphing  UNWIDIES 


























“Not a better die 
but the best"’ 























VERY UNWIDIE is shadow-graphed for 

accuracy—a feature of production con- 
trol developed by and exclusive with Union 
Wire Die. The exact shape of the die is re- 
produced in a “core. This core when 
placed in the projector casts a shadow on 
the working drawing of the die. The out- 


UNION Wire Dit CorPORATION 


line of the shadow, which is twenty times the 
actual size of the core, coinciding with the 
drawing also enlarged twenty times, abso- 
lutely checks the accuracy of the shape. 


This painstaking control during the produc- 
tion of UNWIDIES helps to assure the buyer 
of dies that meet his specifications. 


GENERAL OFFICES -- 475 TENTH AVENUE, NEW YORK, N. Y. 


Pittsburgh Chicago 
Hamilton, Ont. 


Montrouge, France 


Trenton Worcester 
Paris, France 
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; WIRE 
AND WIRE PRODUCTS 


A monthly publication devoted to the production of Wire, Rod and Strip 
Wire Products and Insulated Wire and Cable 


DRAWING=—ROLLING=EXTRUDING—=FORMING=FABRICATING 
Vol. Io September 1935 No. 9 


Designated as 


Official Publication By The Wire Association 








Contents 


Grain Size and It's Influence on the Manufacture 


of Steel Wire By B. L. McCarthy 359 


The Effect on the Physical Properties of Bending Copper 
Wire of Different Grain Sizes By L. B. Barker 
and C. A. Bailey 375 


Hard and Soft Copper Wire By R. A. Schatzel 382 


Acid Cleaning and Material Handling of 
Rods and Wire By Frederick A. Westphal 401 


Modern Acid Handling Methods Lower 


Pickling Costs By J. R. Hoover 407 
Tests and Testing By C. A. Kellogg All 
Cold Heading Wire By L. D. Seymour 414 
Notes on the Use of Back Pull in 

Wire Drawing By Paul M. Mueller 419 
Wire Association Program 1935 Meeting . 427-31 
Wire Association Membership List—1935 440 
Imports and Exports of Wire _ 432-33 
A Review of Recent Wire Patents . 434-35 
‘Round the World With the Wire Industry 0... 436-7-8-9 
Index to Advertisers 000.000 sil soph 453 
heen Gude Peg . 454-5-6 








—ASSOCIATE EDITORS — 
Kenneth B. Lewis, Consulting Wire Mill Engineer 
W. H. Spowers, Jr., Consultant on Galvanizing 
L. D. Granger, Assistant to Vice President, Wickwire Spencer Steel Corp. 
Lancaster, Allwine & Rommel, Consultants on Patent Information 
European Correspondent 
Paul Fidrmuc 





R. E. Brown, Business Manager 
’ Executive and Editorial Offices: 
17 E. 42nd St., New York City. Telephone: Murray Hill 2-4188 





Publication Office: Washington, N. J. 
Annual Subscription, U. S. $5.00, Canada $5.60 
50 Cents a Copy Issued Monthly Foreign, $7.50 Copyright, 1935 


Single Copies of Convention Issue $1.00 
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ANACONDA 


Copper and Copper 
Alloy Wire 


in all Commercial Tempers 

and Sizes including Round, 

Flat, Hexagonal and Special 
Shapes. 


Resistance Wire 
Nickel Silver. 


Weaving Wire 
“Antique” and “Golden” 
Bronze, Brass, Nickel Silver, 
Ambrac, Everdur, Phosphor 
Bronze, Copper and Fourdrin- 

ier Wire. 


eee 
Spring Wire 


Brass, Phosphor Bronze, 
Everdur, Ambrac, Beryllium 
Copper. 


Wire for Special 
Purposes 


Copper, Brass, Bronze, Ever- 

dur and Nickel Silver in spe- 

cial grades for the manufac- 

ture of rivets, nails, pins, 

piano hardware, ete. Fine 
wire on spools. 


Anacon DA 


from mine to consumer 
an 0 


The American 
Brass Company 


General Offices: Waterbury, Conn. 
Offices and Agencies in Principal 
Cities. 
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View iweas For A ew YEAR 


‘eheniaeenD Ce 


AMERICAN SOCIETY 
FOR METALS 


@ If you're feeling low on ideas, short on inspiration. .if you want to 
catch up with the latest developments in the metal world, then you 
will attend this year’s National Metal Congress and Exposition. 


This great metal show will open September 30 in the new Inter- 
national Amphitheatre, Chicago. For five full days you will— 


SE a ... hundreds of exhibits of manufacturers, many of them in actual 

operation. You will get a graphic picture of the progress in the 
metal field during the past year—and you will get definite suggestions of 
what is in store for the year ahead. 


You will have opportunity to see, side by side, the most recent advances in 
materials, methods and equipment in which you are interested. More 
than 164,000 square feet will be devoted to the Exposition of modern 
metal developments. There will be workable ideas in every aisle... 
and every exhibit will be manned by authorities who can help you 
solve your metal problems. Twenty-five thousand men visited last year's 
Exposition. This year there will be many more. Will you be one of them? 


HEAR ... and join in the discussion of more than seventy-five 
technical papers to be presented by many of the leaders 
in your industry. You will have opportunity to attend, without any cost, 
more than forty sessions devoted to all phases of production, selection, fabri- 
cation, inspection, treatment, welding and application of all kinds of metals. 


“son 


“Heat Treatment of Steel”, “Spectrographic Analysis”, “Arc Welding of 
High Carbon and Alloy Steels”, “Distortion Caused by Welding”, 
“Endurance of Case Hardened Gears”, “A New Heat Resistant Alloy”, 
and “The Annual Campbell Lecture” are the titles of only a few of the 
valuable papers to be presented and discussed. 


All together they make up the world’s greatest short course in 
metallurgy. Seventy-five hundred men attended and endorsed last 
year's session as “education in ‘ts most practical and profitable form”. 


COM PARE ... and exchange ideas with experts in 

every branch of the metal industry. You will 
have a chance to learn something every minute you are at the Show— 
at the exhibits, the technical and practical sessions, and during plant 


inspections. You will carry away hundreds of ideas that will help you in 
1936. Headquarters will be at The Palmer House. Plan now to attend 


THE NATIONAL METAL CONGRESS | 





AMERICAN WELDING 
SOCIETY 


INSTITUTE OF 
METALS DIVISION, 
A. I. M. E. 


IRON AND STEEL 
DIVISION, 
A. # M. E. 


THE WIRE 
ASSOCIATION 


National Metal Congress and 
Exposition headquarters will 
be at The Palmer House. Make 
your reservations now by 
writing or wiring directly to 
The Palmer House, Chicago. 





AND EXPOSITION 


in the New International Amphitheatre, Chicago September 30, October 1, 2, 3 and 4 
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Branch plant opened Branch plant opened 
June 29, 1935 September 7, 1935 
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a distinctive and individual service to every customer. 


FIRTH-STERLING 
STEEL COMPANY 


2 September, 1935 


59 $$ —____ 
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Two new plants opened recently in Chicago and Hartford give us ample 
facilities to fill the largest orders and yet we are in a position to render 
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aOLF TONGUE MINING CO. “~~ 





No matter whether it’s drawing dies, extruding dies or wear-resistant parts you want, we offer: 
An integrated source of supply—known for quality from mine to user. 

A complete line of finished dies, tools, and die machinery. 

Field Service by an experienced Engineering Staff. 

Adequate stocks and facilities for quick shipments. 


The variety of Sintered Carbide dies and wear-resistant parts that 
you can obtain from our Firthaloy Division makes it unnecessary 
to go elsewhere for any type or size of die or special service you 
may require. 





Many wire mills have saved time, increased production, and re- 
ahaa duced costs by allowing our Firthaloy Engineers to cooperate 
y ; ; ; 
FIRTHALOY with them on their production problems. 
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Firthaloy available for every application— 
a few of which are listed here: 


Wire Drawing Dies 

Tube Drawing Dies and Mandrels 
Extruding Dies 

Sizing Dies 

Burnishing Dies 

Swedging Dies 

Shape Dies 

Nail Dies 

Eyelet and Ferrule Dies 

Wire Curling Dies 

Coating Dies 

Stranding Dies 

Spring Wire Applications, 
Guides, Arbors or Mandrels, etc. 


Visit our Booth No. L 7 
September 30th-October 4th, 
Amphitheatre Building, Chicago 


Works: McKEESPORT, PA 
NEW YORK CHICAGO 
HARTFORD CLEVELAND 
DETROIT LOS ANGELES 
PHILADELPHIA 
GLOBE WIRE DIVISION 
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DIE ROOM INSTALLATIONS 


The installations shown illustrate the small amount of 
space required for a die finishing room. The savings 
made possible by purchasing Firthaloy die machinery and 
finishing “‘rough drilled” Firthaloy nibs in casings in 
your shop will quickly pay for the equipment and result 
in a lower net cost for dies. 





Light duty automatic polishing and hand 
finishing dual unit machine. 
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Grain Size and Its Influence On The 
Manufacture of Steel Wire 


Wickwire Spencer Steel Co., Buffalo, N. Y. 





HE successful manufacture of 
steel wire depends, to a great 
extent on the amount of trouble 
encountered in processing. Steel 
which does not respond uniformly 
to the treatments employed will 
lower the standards of quality and, 
because of the extra handling of- 
ten required, prove costly. Uni- 
formity of product, both in individ- 
ual coils and from day to day, is 
necessary for the successful oper- 
ation of the wire drawing depart- 
ment. Much time and study has 
been given to the chemical analy- 
sis and, while the analysis within 
reasonable limits is important, the 
part it plays can be determined 
providing no other variables are 
encountered. Work done in recent 
years has thrown new light on the 
difference in inherent properties 
of heats of steel and the influence 
of these properties on the reactions 
which occur as a result of heat 
treatment. In this paper I will 
attempt to describe a method by 
which some of these properties can 
be determined and to show their 
influence on the manufacture of 
wire. 
+ + + 
OR the sake of brevity we will 
confine our discussion to high 
carbon wire, not with any intention 
to minimize the importance of low 


By B. L. McCarthy, Metallurgist 


Material for this paper is the result of 
an exhaustive study made by the Wick- 
wire Spencer Steel Company. This 
paper, while embracing the Inherent or 
McQuaid-Ehn Grain Size, is broad 
enough to cover both the Austenitic 
Grain Size (which is the Grain Size con- 
sidered when the terms Inherent or Mc- 
Quaid-Ehn are used) as well as the 
actual Grain Size, which is the product 
of hot rolling, patenting, annealing, etc. 
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carbon wire, but because the prop- 
erties we are discussing are those 
brought out by heat treatment and 


therefore not so noticeable in 
steels low in carbon. 
+ + + 


E are all more or less familiar 
with the fact that all heats 
of practically the same analysis do 
not act alike. This is true in the 
Open Hearth as well as in the Wire 
Mill. Because of the need of a 
common test by which the effects 
of practices in the Open Hearth 
could be traced to the Wire Mill, 
there has been very little helpful 
exchange between these two de- 
partments. A method of grading 
heats of steel other than by analy- 
sis has been developed, the use of 
which helps to classify the steels 
being used in the Wire Mill—this 
is known as the McQuaid-Ehn 
Grain Size Test. 
+ + + 
McQuaid-Ehn Grain Size Test 
HE McQuaid-Ehn grain size 
test as developed by its orig- 
inators, Messrs. McQuaid and 
Ehn,")* consists of a carburizing 
treatment in which the samples be- 
ing tested are heated for eight 
hours at a temperature of 1700° F. 
and allowed to cool slowly. The 
absorption of carbon resulting 


*Refer to list of references at end. 
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from this treatment is sufficient 
to materially increase the carbon 
content of the outer edge or case, 
thereby producing a Hyper-Eutec- 
toid (carbon over .90) area con- 
taining free Cementite (Iron Car- 
bide). 
+ + + 

HEN steel is at the carburiz- 

ing temperature it is said to 
be in “Solid Solution’, metallo- 
graphically termed Austenite. The 
grains that exist at this tempera- 
ture are known as_ Austenitic 
grains. Slow cooling from the car- 
burizing temperature results in the 
precipitation of free Cementite 
which forms as envelopes around 
the grains. McQuaid-Ehn grain 
size is based on a study of the size 
and number of the Austenitic 
grains, as shown by the Cementite 
markings in the Hyper-Eutectoid 
area. A study of the Hypo-Eutec- 
toid area in the case of Hypo-Eu- 
tectoid (carbon below .90) steels, 
may also be employed to indicate 
the Austenitic grain size. In this 
case free Ferrite precipitates out 
of solid solution on cooling, form- 
ing envelopes around the grains 
in much the same manner as does 
the Cementite in the Hyper-Eutec- 
toid area. It is customary, how- 
ever, to employ the Hyper-Eutec- 
toid area when McQuaid-Ehn grain 
size is referred to. The free Ce- 
mentite that surrounds the grains 
of .Austenite is termed Pro-Eutec- 
toid Cementite and the free Fer- 
rite, Pro-Eutectoid Ferrite to dis- 
tinguish them from the Cementite 
and the Ferrite of the Pearlite. 

++ + 


Iron Carbon Diagram 


BETTER conception of the 

precipitation of Ferrite and 
Cementite can be obtained by a 
study of the Iron Carbon diagram 
shown in fig. 1. The line PSK 
designated as Al is the lower criti- 
cal; below this line we have Pearl- 
ite, Ferrite and Pearlite, or Cemen- 
tite and Pearlite, depending on the 
analysis. The point § is the Eu- 
tectoid point and corresponds to 
.90 carbon, the line GS designated 
as ‘A3 represents the solubility of 
Ferrite at different temperatures 
and is the upper critical when 
Hypo-Eutectoid steels are being 


treated. The line SE designated 
as Acm represents the solubility 
of Cementite at different temper- 
atures and is the upper critical 
when Hyper-Eutectoid steels are 
being treated. The line MO desig- 
nated as A2 is not important in 
this discussion and therefore need 
not be considered. The dotted line 
GPN, the exact position of which 
may vary, indicates the solubility 
of Cementite in Ferrite and is im- 
portant in the development of 
areas of Massive Cementite in ab- 
normal steels. When steel is being 
heated the letter c is used after 
A to indicate heating and the let- 
ter r when the steel is being cool- 
ed to indicate cooling. 





tion until at Arl it has a carbon 
content of .90, at which point it 
transforms to Pearlite. 


+++ 

“THE precipitated excess consti- 
tuent separates to the bound- 
aries of the Austenitic grains that 
existed above Ar3 or Arcm, form- 
ing envelopes around the grains. 
It is in this manner that the struc- 
tures of the McQuaid-Ehn grain 
size tests are developed. 


+++ 

HE solubility of the Cementite 

in Ferrite as indicated by the 
dotted line GPN results in a de- 
layed precipitation of Cementite 
which retards the formation of 
Pearlite by separating out after 
the Arl has been passed. 
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CARBON CONTENT - PER CENT 
FIELOS OF THE IRON-CARBON DIAGRAM iN RELATION TO THE CRITICAL POINTS ON HEATING 


AND 
Iron Carbon Diagram. + + 


Fig. 1. 
HEN steel is heated to Acl 
the Pearlite transforms to 

Austenite, above this line the ex- 

cess constituent Ferrite or Cemen- 

tite, as the case may be, begins to 

dissolve to form what is termed a 

solid solution of Carbon in Gamma 

Iron (Austenite); solution  pro- 

ceeding along the lines GS and SE. 

This alters the carbon content of 

the solid solution until above Ac3 

or Accm, it will correspond to the 
carbon content of the steel being 
treated. On cooling the reverse 
takes place and as the temperature 
is lowered to Ar3 or Arcm, depend- 
ing on the analysis, the free Fer- 
rite or free Cementite begins to 
precipitate out of solution, precipi- 
tation proceeding along the lines 

G’S’, S’E’. This precipitation of the 

excess constituent again alters the 

carbon content of the solid solu- 


COOLING. 


- + . + . - 


Normality 


HE McQuaid-Ehn grain size 

test, besides showing the size 
of the Austenite grains, may also 
be used to indicate what is termed 
“normality”. Steels which on car- 
burizing in this manner show thick 
irregular envelopes and in which 
there is a tendency toward a co- 
alescence of the Cementite, are 
termed abnormal, while steels 
which have thin continuous en- 
velopes are said to be normal. Me- 
Quaid and Ehn in their early work 
associated abnormality with fine 
grain steels and while it is possible 
to obtain fine grain steels that are 
normal, the general tendency is 
toward abnormality. Abnormality 
can exist in coarse grain steels as 
well as in fine grain steels. Rim- 
med steels are always abnormal. 
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In the case of coarse grain steels 
abnormality is associated with a 
high dissolved oxide content. In 
fine grain steels, however, it is not 
so easily accounted for. The 
amount of residual aluminum in 
solution in the Ferrite seams to ex- 
ert an influence. 
++ + 

ROSSMAN®) has shown that 

there is an absorption of oxy- 
gen in pack carburizing and that 
carburizing carried on in the ab- 
sence of oxygen will not produce 
abnormal structures, even though 
the steel is highly oxidized. While 
this is true, it is nevertheless evi- 
dent that steels which do not have 
a great amount of dissolved oxides 
present prior to carburizing by the 
McQuaid-Ehn test do not show this 
condition on carburizing. The 
structure obtained by the use of 
the original McQuaid-Ehn test 
therefore indicates an inherent 
property as regards normality and 
may ‘be used as a guide in the se- 
lection of steel. 

+ + + 


Grain Size Measurement 


* aecoktmalerenei grain size is 
expressed in terms of the 
number of grains per square inch 
at 100 diameters. <A grain size 
classification using numbers from 
1 to 8 has been adopted as stand- 
ard by the American Society for 
Testing Material.) Each number 
covers a range in grain size. Be- 
low are the grain size numbers and 
the ranges they cover: 


Grain Size Number of Grains Per 


Number Sq. In. at 100 dia. 
1 up to 1% grains 
2 14, to 3 grains 
3 3 to 6. grains 
4 6 to12_ grains 
5 12 to 24 grains 
6 24 to 48 ~~ grains 
7 48 to 96 grains 
8 96 =‘ grains and over 


++ + 


TEELS with a McQuaid-Ehn 
grain size number of 5 and 
under are said to be coarse grain, 
while those with a number of 6 
and over are said to be fine grain. 
The term “intermediate grain 
size” is sometimes used to indicate 
a range of 4, 5 and 6, and various 
ranges of numbers are employed 
to specify different grades of steel 
for special purposes. 


OME structures obtained by this 
test are shown in figures 2, 3, 

4, 5,6, 7,8 and 9. Figure 2 shows 
a coarse grain normal steel as de- 
termined by this test. Figure 3 
shows a fine grain normal steel. 
Note the difference in grain size 
between these two steels. Figures 
4 and 5 show coarse and fine grain 
abnormal steels. While the differ- 
ence in microstructure between 








Fig. 2. Coarse Grain Normal Grain Size No. 3. 
100 X. + Gs + + + 





Danica tinned 


Fig. 4. Coarse Grain Abnormal Steel Grain Size 
No. 4. 100 X. aa + + oe 


the normal and abnormal steels is 
apparent—tthis difference is better 
observed at higher magnifications. 
In figures 6, 7, 8 and 9 we have the 
same structures as shown in fig- 
ures 2, 3, 4 and 5 taken at 1000 x. 
Note the thick, irregular network 
of the abnormal steels as compar- 
ed with the thin continuous net- 
work of the normal steels; also the 
tendency toward coalescence in the 
abnormal steels and the coarse 
poorly developed Pearlite. In the 
figures discussed above the fine 
grain steel had been treated with 
aluminum. 





HAT the grain size, as deter- 

‘mined by this test, is an in- 
herent characteristic of the steel 
has been definitely established. 
There may be some variations in 
the grain count on tests from the 
various parts of a heat and after 
various hot and cold working op- 
erations have been employed but 
such variations are usually not 
very great. The analysis for the 


Fig. 3. Fine Grain Normal Steel Grain Size No. 
S.° 166 =x: + + + + 





Fig. 5. Fine Grain Abnormal Steel Grain Size 
No. 8. 100 X. aa aa + + 


commonly determined elements 
does not influence the grain size— 
coarse and fine grain steels can be 
obtained over a wide range in an- 
alysis. It is very often the case, 
however, where steel of a certain 
type will show similar characteris- 
tics in the McQuaid-Ehn test, this 
similarity, however, is due to the 
practice employed in the melting 
and deoxidizing of the steel and 
not to the analysis. An example 
of this is found in rimmed steels 
(fig. 4 and 8) which are always 
coarse grained and abnormal. This 
is due to the fact that these steels 
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always contain a large amount of 
dissolved oxides and that no at- 


tempt is made to deoxidize them. 
+ + + 


HIS test presents a means by 

which inherent properties of 
steel, not revealed by the analysis, 
can be determined and its many 
applications have attracted wide 
spread interest. Numerous inves- 
tigations have been carried on as a 





L 


Fig. 6. Same as Fig. 2. Taken at 1000 X. o 





Fig. 8. Same as Fig. 4. Taken at 1000 X. + 


result of its use and valuable con- 
tributions have been made to add 
to the knowledge of heat treat- 
ment, steel making and deoxida- 
tion. Its applications have been 
made instrumental in the develop- 
ment of higher physical proper- 
ties, more controlled processes and 
a better knowledge of ferrous 
metallurgy in general. 
+ + + 

Basic Open Hearth Steel Making 
“THE basic open hearth metal 
‘ charge consists of varying 
amounts of cast or liquid iron and 
scrap. The iron may vary from 
cast iron of unknown analysis to 
high quality basic iron of uniform 


analysis. The scrap may be of the 
heavy melting variety such as 
rails, croppings from the blooming 
mill, ete. or of the low grade type 
of thin section which can easily be 
converted to iron oxide before the 
charge is melted and acts as an ab- 
sorbent for sulphur gases that may 
be in the furnace. Limestone, eith- 
er raw or burnt, is also included in 
the charge and usually iron oxide 








Fig. 7. Same as Fig. 3. Taken at 1000 X. + 





Fig. 9. Same as Fig. 5. Taken at 1000 X. a 


either in the form of roll scale or 
iron ore. It is important that some 
iron oxide be present during the 
melting down to complete the re- 
actions which are necessary for the 
elimination of impurities. After 
the charge is melted the slag 
should be put in the proper condi- 
tion to insure the elimination of 
excess sulphur and_ phosphorus. 
The condition of the slag may also 
be used as an indication of the 
amount of iron oxide remaining in 
the bath and it is advisable to em- 
ploy some test which will indicate 
the approximate iron oxide con- 
tent of the slag. Dr. Herty has pub- 
lished some valuable data on iron 


oxide control,’ which is very help- 
ful. By a careful study of the 
charge a furnace condition can ob- 
tain which gives the melter reason- 
able control of the slag. If, how- 
ever, the charge is not properly 
selected the nature of the slag may 
be such that it is beyond the melt- 
er’s control. Iron high in silicon re- 
quires extra lime and builds up an 
excessive slag volume. Fine thin 
scrap, which oxidizes readily, will 
build up the oxide content of the 
bath and influence the slag. Extra 
additions of limestone or silica 
may be used to put the slag in con- 
dition; however, it is better to em- 
ploy a uniform charge which will 
permit the use of the right amount 
of limestone. 
+ + + 
HE carbon content at the time 
of melting and the rate at 
which it falls should be watched 
carefully, for, by a study of the 
carbon behavior, some knowledge 
of the type of charge desired can 
be obtained which will prove help- 
ful on subsequent heats. The car- 
bon at the time of melting should 
be high enough to permit sufficient 
time for shaping up the slag. It is 
general practice, when high car- 
bon steel is being made, to tap the 
heat while the carbon is falling; 
therefore, some control must be 
exercised over the melt down car- 
bon and the rate of carbon drop to 
come within the specification. Run- 
ning the carbon down and using 
coal in the ladle to raisé it usually 
results in ‘thigh oxide content. The 
presence of carbon in the bath, be- 
cause of its reducing action, helps 
to prevent the absorption of oxy- 
gen from the furnace atmosphere. 
While the carbon is relatively high, 
oxygen absorption is low; how- 
ever, aS the carbon drops, the ab- 
sorption of oxygen increases. 
+ + + 
IGH manganese in the charge 
helps to reduce oxides and it is 
desirable, as an indication of low 
oxide content, to regulate the 
charge to obtain a high residual 
manganese. 
+ + + 
HE condition of the furnace 
may influence the melting. A 
slow working furnace may intro- 
duce oxides and, when producer 
gas is being used as a fuel, serious- 
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ly increase the sulphur. The 
charge should be made to suit the 
furnace and, if the furnace is work- 
ing slowly, sufficient iron should 
be charged to insure a relatively 
high carbon content at the time of 
melting; also heavy melting scrap 
should be used. 
+++ 
ROM the above discussion it is 
obvious that the making of 





Fig. 10. McQuaid-Ehn Test on Poorly Made Heat. 
Grain Size No. 6. 100 X. + + » a 








Fig. 12. McQuaid-Ehn Test on Properly Made 
+ + 


Heat. Grain Size No. 3. 100 X. 

quality steel is a problem which re- 
quires considerable attention. The 
elimination of sulphur and phos- 
phorus, while important, is not the 
only consideration; the amount of 
iron oxide dissolved in the steel is 
of equal importance, as is the con- 
trol of the other elements. The 
iron oxide content is important if 
we are seeking steel which will give 
a uniform reaction in the patenting 
operation. As will be shown later, 
the amount of oxide removed by 
deoxidation is relative and the fact 
that the steel lies quiet in the mold 
does not indicate complete deoxi- 
dation. 


dabei grain size tests 
may be employed to assist 
the Open Hearth in planning the 
charge and working the heats. A 
practice which produces a_ wide 
variation in grain size in a certain 
type of steel indicates a poor op- 
eration. By using this test as a 
guide to quality, steel suitable to 
meet the needs of the Wire Mill 
can be produced. 





Fig. 11. McQuaid-Ehn Test on Another Poorly 
Made Heat. Grain Size No. 4. 100 X. + 











Fig. 13. McQuaid-Ehn Test on Another Properly 
Made Heat. Grain Size No. 4. 100 X. oo 


IGURES 10 and 11 show Mc- 

“ Quaid-Ehn tests obtained on 
two different heats and illustrate 
the variations in structure which 
may be obtained without proper 
control of the operation. These 
heats did not respond to the pat- 
enting treatment and caused trou- 
ble due to brittle wire. Figures 12 
and 13 show the type of structures 
obtained on heats that worked 
satisfactorily and produced high 
quality wire. 


+ + + 


HILE it is true that this test 
does not tell the whole story, 


its use can be very hhelpful as an 
indication of steel quality and I 
can see no reason why wire draw- 
ing departments should not insist 
on its use as a guarantee against 
the introduction into their pro- 
cesses of steel which may cause 
trouble. 
+ + + 


Deoxidation and Grain Size 
Control 

EKOXIDATION is an important 

step in the production of qual- 
ity steel and is based on the forma- 
tion, in the molten metal, of in- 
soluble oxides by the addition of 
elements having a greater affinity 
for oxygen than iron. The oxide 
of iron, FeO is soluble in the mol- 
ten metal and infiuences the physi- 
cal properties. By the addition of 
manganese, silicon or aluminum— 
MnO, Sid. or Al.0, is formed and 
slag particles, insoluble in’ the 
liquid steel, are produced. The se- 
lection of a suitable deoxidizer de- 
pends on its affinity for oxygen”) 
and the rate at which the product 
formed rises to the surface. Alum- 
inum, silicon and manganese vary 
in their affinity for oxygen in the 
order named, therefore their de- 
oxidation value varies. The rate 
at which the products of deoxida- 
tion rise to the surface depends on 
the size of the particles. Large 
particles rise more quickly than 
small ones. (Stokes Law) “The 
velocity of rise is actually propor- 
tionate to the square of the par- 
ticle radius.”” Products of deoxida- 
tion which have a melting point 
higher than the .metal tempera- 
ture, such as SiO. and Al.0; are in 
solid form and therefore will not 
coalesce to form large particles. 
However, if a strongly acid particle 
encounters a molten basic particle 
in the steel they will combine to 
form a slag particle of larger di- 
mension, with a melting point low- 
er than the then molten basic par- 
ticle. Si0. is acid—FeO and MnO 
are basic; SiO. will combine with 
FeO and MnO to form a slag of 
low melting point. Al.0; particles, 
because of their high melting 
point, will not coalesce and due to 
the fact that they are nearly neu- 
tral in point of acidity or basicity, 
there is little tendency for them to 
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combine with FeO or MnO, or both, 
to form a slag of low melting point 
and flux off. This makes the elim- 
ination of Al.0,; from the molten 
steel much slower than the elimin- 
ation of Sid. and MnO and makes 
the use of aluminum alone as a 
deoxidizer undesirable. Titanium 
is also used as a deoxidizer and is 
helpful in that the product form- 
ed (Ti0.) is easily fluxed off. 
+ + + 
LUMINUM, because of its 
greater affinity for oxygen, 
will carry the deoxidation much 
nearer completion than silicon or 
manganese. For many years the 
use of aluminum has been frown- 
ed on in view of the amount of 
non-metallics left in the — steel; 
however, in the manufacture of 
fine grain steel it has become of 
real value. The generally accepted 
theory on the control of McQuaid- 
Ehn grain size is based on the 
presence in the metal of numerous 
finely dispersed particles of a re- 
fractory nature. Aluminum, both 
because of its greater affinity for 
oxygen and its lack of tendency 
toward coalescence, has come into 
general use for this purpose. The 
usual procedure is to deoxidize 
the metal, first by the addition of 
silicon and manganese to the fur- 
nace, followed by aluminum in the 
ladle. Aluminum added in this 
manner carries the deoxidation 
further and results in the forma- 
tion of numerous finely dispersed 
particles of the A1.0,. These par- 
ticles act as nuclei around which 
the grains grow and offer obstruc- 
tion to grain growth. Large par- 
ticles present in the metal seem to 
have little influence on the grain 
size—it is only after the deoxida- 
tion has been carried to the point 
where the fine particles are form- 
ed that control becomes apparent. 
+ + + 
HE manufacture of coarse 
grain steels presents an en- 
tirely different problem, the me- 
chanism of which is not thorough- 
ly understood. That the amount of 
FeO present, in itself, seems to 
have little influence is shown by 
the fact that rimmed steels, which 
are high in FeO, are nearly always 
coarse grained. The degree of de- 
oxidation and the rate at which it 


is progressing seem to have an in- 
fluence on the grain size when the 
steel is in the partially ceoxidized 
condition. This is probably due to 
the formation of some fine par- 
ticles of SiO. that have not had 
time to coalesce to form large par- 
ticles. It is therefore important, in 
the working of the heat, that the 
amount of oxides in the metal prior 
to deoxidation be kept as nearly 
constant as possible in order to ob- 
tain the degree of deoxidation de- 
sired in the finished steel. The pro- 
duction of steel of uniform grain 
size from one heat to the next is 
evidence of uniformity in the de- 
oxidation. By using the McQuaid- 
Ehn test a knowledge of the deoxi- 


dation can be obtained. 


+ + + 

AS stated above, the formation 
of fluid slags by the combin- 
ing of Si0. with MnO and FeO is 
important in the elimination of the 
products of deoxidation. If silicon 
alone is added to the furnace the 
Sid. thus formed will slag off by 
combining with FeO; however, this 
may ‘be incomplete and can be ac- 
celerated by the addition of man- 
ganese before deoxidation has pro- 
gressed very far. The use of man- 
ganese in the furnace, just prior 
to tapping, is desirable — while 
there is some loss, the deoxidizing 
value of manganese is not suffi- 
cient to make this loss too great. 
At the same time MnO is formed 
which will combine with SiO. and 
FeO to increase the fluidity of the 
particle. The use of silicon in the 
furnace is considered desirable be- 
cause it affords time for the elim- 

ination of deoxidation products. 

+ + + 

HE term “killed steel” is often 
too closely associated with de- 
oxidation. The degree of killing 
is usually indicated by the silicon 
content of the metal. Steel with .05 
silicon is said to be semi-killed; 
steel with .20 silicon is said to be 
killed. Tests made by adding 
varying amounts of aluminum to 
the mold to control grain size, have 
shown that the degree of deoxida- 
tion can vary considerably in 
steels of the same silicon content. 
High carbon steel is generally 
more thoroughly deoxidized than 
low carbon steel. This is due to a 


low oxide content in the steel pior 
to deoxidation. Very often low car- 
bon steel containing about .25 sili- 
con is more highly oxidized than 
high carbon steel with a silicon 
content of .10. This proves that 
deoxidation, as generally employ- 
ed, depends on the amount of ox- 
ides in the metal prior to deoxi- 
dation and, under a fixed plan of 
deoxidation, steel varying in dis- 
solved oxides can be produced if 
the metal prior to deoxidation 
varies in oxide content. 
+ + + 

STUDY of the influence of 

aluminum addition to the 
steel, on the cutting out of the die 
in wire drawing, has shown that 
when properly employed—that is, 
when used after silicon and man- 
ganese, no affect was noted. How- 
ever, 20 oz. of aluminum per ton 
added to a tow carbon steel, pro- 
duced a considerable amount of 
Al.0, and some cutting out was 
noticed when cast iron dies were 
used. This wire did not cut out 
when drawn through tungsten car- 
bide dies. 

+ + + 

Influence of Hot and Cold Work 

On the McQuaid-Ehn 


Grain Size 
O show the effect of hot and 
cold working on the size of the 
grain developed by the McQuaid- 
Ehn grain size test the following 
samples were employed: 
C-1 Coarse grain steel, 134” Billet 
C-2 Coarse grain steel, No. 5 Rod (hot 
rolled) 
C-3 Cearse grain steel after 30% re- 
duction in drawing 
C-4 Same as C-3 after patenting 
5 C-4 after drawing 80% 


1 Fine grain steel, 154” Billet 
-2 Fine grain No. 5 Rod, (hot roiled) 
3 Fine grain steel after 30% reduc- 
tion in drawing 
E-4 Same as E-3 after patenting 
E-5 E-4 after drawing 80% total re- 
ductions 
+++ 

Ai the above samples were 

carburized according to the 
McQuaid-Ehn test. In fig. 14 is 
shown the structures developed on 
the coarse grain steel and figure 15 
shows the structures developed on 
the fine grain steel. While there is 
some variation in the structures 
resulting from these treatments, 
the difference is not great enough 
to be of importance. The fine grain 
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steels remain fine grain while the 
coarse grain steels remain coarse 
grain. 
+ + + 
Actual Grain Size 


gia eigen grain size is 
sometimes referred to as “‘in- 
herent grain size”. This is not 
strictly correct, for while it indi- 
cates an inherent property or an in- 
herent tendency toward the de- 
velopment of a certain grain size 
under the condition of the test, the 
grain size can be changed by heat- 
ing to a higher temperature or by 
hot working above the upper criti- 
cal. When steel cools from the mol- 
ten condition the primary crystals 
or grains that form are much lar- 
ger than is indicated by the grain 
size test. The reason for this lies in 
the fact that the Austenitic grains 
formed on solidification, form at a 
temperature well above the grain 
coarsening temperature. 
+ + + 
in the hot rolling of steel the 
Austenitic grains which exist- 
ed at time of heating are continu- 
ally broken up due to pressure and 
the grain size of the hot rolled 
material represents the size to 
which the grains developed after 
hot working had ceased. The size 
of the hot rolled bar determines 
the amount of time permitted for 
the grains to grow after hot work- 
ing—the larger the section the 
coarser will be the grains. If, how- 
ever, the rolling is continued un- 
til the material has cooled to a 
temrerature in the neighborhood 
of 1700° F. the grain size, as de- 
termined by the McQuaid-Ehn 
test, will exert an influence on the 
size of the Austenitic grains de- 
veloped. 
+ + + 
A> steel is cooled below the Ar 1 
a new set of grains develop 
inside the old Austenitic grains; 
this is particularly noticeable in 
low carbon steels. The grain size 
noted in the hot rolled low carbon 
No. 5 rod is 21 example of this sec- 
oncary cr actual grain size. In 
high c2rb9 material the same con- 
dition e ists and the grain size of 
the paiented rod or wire indicates 
the actual and not the Austenitic 
grain size. Figure 16 shows the 
structure of a patented No. 5 rod 


of Eutectoid composition—note the 
actual grain size. If, however, the 
structure contains any Pro-Eutec- 
toid Ferrite or Cementite it will be 
present at the boundaries of the 
Austenitic grains—this is shown 
in Fig. 17. Figure 18 is a photo- 
micrograph of a McQuaid-Ehn 
grain size test taken at 200 x— 
note the grains that have formed 
inside the Austenitic grains. The 





Fig. 16. Patented #5 Rod of Eutectoid Composi- 
tion Lightly Etched to Show Actual Grains. 200 X. 
size of the Austenitic grains exerts 
an influence on the size of the 
actual grains and it is therefore 
necessary to coarsen the Austenit- 
ic grains to obtain a coarse patent- 
ed grain size. 
+ + + 

Grain Coarsening Temperatures 
“T HE temperature at which the 

Austenitic grains coarsen has 
been the subject of much investi- 
gation. Coarse grain steels will 
coarsen shortly after the critical 
temperature is passed, fine grain 
steels may remain fine at consider- 
ably higher temperatures; how- 
ever, whether the steel is coarse 
or fine grain, as determined by the 
MecQuaid-Ehn grain size test, if 
heated high enough they will all 
coarsen. The temperature at which 
the grains coarsen is termed the 
grain coarsening temperature. The 
fact that a steel is fine grain at 
1700° F., as determined by the 
McQuaid-Ehn test, indicates that 
its grain coarsening temperature 
is in excess of 1700° F. Gross- 
man‘) has shown that the coarsen- 
ing temperature can be lowered in 
a steel by special treatments such 
as heating and quenching a num- 
ber of times; however, only the in- 
fluence of hot and cold work on the 


coarsening temperature is import- 
ant in the manufacture of wire. 
Grain coarsening proceeds over a 
range in temperature and, as a re- 
sult, steels heated to within this 
range will show a marked non- 
uniformity of grain size; for this 
same reason some steels will show 
a non-uniformity when carburized 
at 1700° F. 


f 






Fig. 17. Coarse Grain, Patented #5 Rod .70 C. 
84 Mn. Ferrite Markings of Austenitic Grains. 
100 X. + 


RE a | 


Fig. 18. McQuaid-Ehn Grain Size Test Taken at 
200 X Showing Actual Grains Inside of Austeni- 
tic Grains. + 


RAIN growth develops by the 

uniting of fine grains to re- 
duce surface tension. Very often 
when fine grain steels are heated 
above their grain coarsening temp- 
erature, extremely large grains de- 
velop. The amount of aluminum 
added to the steel to control grain 
size seems to influence the grain 
coarsening temperature; this is 
probably due to the added obstruc- 
tion to grain growth resulting 
from the formation of Al.0; par- 
ticles, 

++ + 

O demonstrate the effect of 

temperature and aluminum 
additions on grain growth, Mc- 
Quaid-Ehn tests were made on one 
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1600°F Grain Size #4 1700°F Grain Size #3 1800°F Grain Size #1 
Coarse Grain Steel carburized at above temperatures for 8 hours 
Figure 19 100 x 





1700°F Grain Size #6 1800°F Grain Size #4 1900°F Grain Size #€£ 
Steel with 6.5 oz. of Aluminum per ton carburize 
temperatures for 8 hours 
Figure 20 100 x 
Wile aa r 





1700°F Grain Size #7 1800°F Grain Size #6 1900°F Grain Size #5 
Steel with 15 oz. of Aluminum per ton carburized at above 


temperatures for 8 hours 
Figure 21 100 x 
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coarse and two fine grain steels at 
various temperatures. All samples 
were from the same heat, the fine 
grain steels having been treated 
with aluminum in the mold. Fig- 
ure 19 shows the grain size devel- 
oped in the coarse grain steel by 
carburizing at various tempera- 
tures. Figure 20 shows the results 
of carburizing a fine grain steel 
at various temperatures — this 
sample was treated with 6.5 oz. of 
aluminum per ton. Figures 21 
shows the affect of the same tem- 
peratures on a fine grain steel to 
which 13 oz. of aluminum per ton 
was added. The fact that all of the 
above structures were obtained on 
the same heat of steel serves to 
demonstrate the influence of alum- 
inum additions on the coarsening 
temperature. The coarse grain 
steel to which no aluminum has 
been added was coarse at 1600° F. 
and continued to coarsen as the 
temperature was raised. The fine 
grain steel treated with 6.5 oz. of 
aluminum per ton began to coarsen, 
at 1800° F. and was almost com- 
pletely coarse grained at 1900° F. 
While there was some enlargement 
of the grains in the case of the 
sample to which 13 oz. of alum- 
inum per ton was added, the coars- 
ening temperature was in excess 
of 1900° F. 


+ + + 


O demonstrate the influence of 
cold work on the grain 
coarsening temperature the follow- 
ing samples from a fine grain steel 
were studied: 
Sample A—Hot rolled No. 4 rod 

B—After a reduction of 33% 

in drawing 
C—After a reduction of 90% 

in drawing. 


All three samples were carburized for 
8 hours at 1700° F., 1800° F. and 
1900°. 


+ + + 


IGURES 22, 23 and 24 show 
the results of this work. At 
1700° F. there was a little differ- 
ence but, as the temperature was 
raised to 1800° F. and 1900° F. 
sample B coarsened to a greater 
extent than did A or C. To estab- 
lish definitely the influence of cold 
work on the coarsening tempera- 
ture more work will be required. 


Indications, so far as determined, 
are that a small amount of draft- 
ing seems to cause the grains to 
coarsen at a lower temperature 
than that required for the hot roll- 
ed rod, while heavier drafting 
seems to raise the coarsening tem- 
perature. 
+ + + 


HE structures developed were 

very erratic. In some _ in- 
stances the sample would be fine 
grain at the edge and coarse in the 
center and in others a reverse con- 
dition would exist. The samples 
used here, however, represent the 
general trend so far as determined. 


+ + + 


ARIATIONS in coarsening 

temperatures are important 
in connection with patenting. The 
influence of cold working on the 
coarsening temperature indicates 
what might be expected in process 
patenting. A fact to keep in mind 
however is that while these in- 
fluencing factors affect the coar- 
sening tendencies of both coarse 
and fine grain steels, the coarse 
grain steels will continue to be 
coarse grain above 1700° F. re- 
gardless of hot or cold working. 
It is therefore desirable to employ 
a coarse grain steel to avoid the 
non-uniformities that may exist as 
a result of variations in the 
coarsening temperatures associ- 
ated with fine grain steels. 


+ + + 


Reaction Rates 


INE grain steels show a quick- 
er reaction rate than coarse 
grain steels. By reaction rate is 
meant the time required for the 
Austenite—Ferrite and _ carbide 
reaction which takes place at the 
Ar 1. A slow reaction rate will 
delay the transformation by low- 
ering the position of the Ar 1, 
while a fast reaction rate will 
cause it to occur at a higher tem- 
perature. A slow reaction rate will 
increase the hardness and the 
hardness penetration and result in 
deep hardening. A fast reaction 
rate will, by increasing the rate at 
which the transformation takes 
place, result in shallow hardening. 
The temperature to which the Ar 1 


is lowered determines the type of 
micro-structure developed in a 
given steel. If the cooling is slow 
enough it may occur slightly below 
the phase-boundary temperature 
(line PSK—see fig. 1). However, 
as the cooling rate is increased the 
transformation takes place at a 
lower temperature (line P’S’K’). 
Slow cooling results in the forma- 
tion of coarse Pearlite while 
faster cooling will result in Pearl- 
ite of varying degrees of fineness, 
depending on the position of the 
Ar 1.8) When the Ar 1 is low- 
ered to about 950° F. the micro- 
structure will consist of fine Pearl- 
ite—below this temperature Mar- 
tensite will develop until, at a tem- 
perature of about 250° F., the 
structure will be all Martensite. A 
quench fast enough to produce 
Martensite is termed a critical 
quench, while a rate of cooling 
slow enough to produce Pearlite 
may be termed slow, medium or 
fast, depending on the position of 
the Ar 1. 


+ + + 


N considering reaction rates it 
should be remembered that the 
analysis of the steel and the rate 
at which it is cooled will influence 
the position of the Ar 1; also that, 
analysis and rate of cooling being 
the same, a difference in the grain 
size of the steel will influence the 
temperature at which the Ar 1 
transformation takes place, thus 
influencing the micro-structure. If 
a fine grain steel is heated above 
its grain coarsening temperature 
and a coarse Austenitic grain is de- 
veloped, its reaction rate on cool- 
ing will change from fast to slow, 
the influencing factor being the 
size of the Austenitic grain. 


+ + + 


HE study of reaction rates 

deals mostly with a fast or 
critical quench, as when oil or 
water is employed as a quenching 
medium. However, a similar effect 
can be noted on less rapid cooling 
and may influence the fineness of 
the Pearlite formed in patenting. 
Microscopic variations in the metal 
may cause microscopic variations 
in the reaction rate as does the 
presence of non-metallic inclusions 
and dissolved oxides. 
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Dissolved Oxides 
AIN has shown that oxygen 
dissolved in steel influences the 
rate at which the carbide diffuses 
‘9, This results in the type of 
structure shown in figure 8 where- 
in, due to a fast rate of diffusion, 
the Cementite has diffused to the 





Fig. 25. McQuaid-Ehn Test Showing Influence of 
Dissolved Oxides on Structure Developed. 100 X. 


boundaries of the Austenitic grains 
resulting in poorly developed Pearl- 
ite. Grossmann has suggested the 
presence of an increased solubil- 
ity of Cementite in Ferrite which 
delays carbide precipitation until 
after the Ar 1 is passed. This is 
shown diagramatically in Figure 
1—the dotted line GPN represents 
the solubility of Cementite in Fer- 
rite, the position of P changing 
with the dissolved oxide content 
and the Cementite solubility re- 
sulting from it. 
+ + + 

HAT dissolved oxides do_ in- 

fluence the micro-structure is 
shown by the following examples: 
In figure 25 we have the structure 
of a McQuaid-Ehn test made on a 
hot rolled rod which originally 
contained a seam but in which, due 
to high temperature, the iron oxide 
has become dissolved in the metal 
—note the massive Cementite. 
This is similar to an abnormal 
structure yet the steel in question 
was not abnormal. To demonstrate 
this point further a sample of 
1°.” billet was prepared by cut- 
ing a groove !4,” deep and ;/s” wide 
parallel with the axis: the piece of 
billet was then heated to 1800° F. 
and forged to 1” round. It was 
then reheated to 2300° F. for 10 
minutes and forged to 14” round. 
A McQuaid-Ehn test was made on 
the 144” round—figure 26 shows 
the structure developed at 1000 x. 
The solution of iron oxide in the 


metal has resulted in the forma- 
tion of massive Cementite and Fer- 
rite similar to the structure shown 
in figure 25. 
+ + + 

HIS tendency to form massive 

Cementite at the expense of 
the Pearlite indicates the presence, 
in steel high in iron oxide, of an 
influence which would interfere 





McQuaid-Ehn Test on Sample in Which 
Taken at 100 X. 


Fig. 26. 
Iron Oxide Had Been Dissolved. 


with the development of fine Pearl- 
ite in patenting and a tendency to 
form coarse particles of Cementite 
which would delay solut‘on. 

+ + + 


Solution Rate 

HE solution of the excess ¢con- 

stituents which takes place 
above Ac 1 requires time. In heat- 
ing for the general run of metal- 
lurgical operations a heating rate 
of 1 hour for each 1” of section is 
generally employed. In the patent- 
ing operation heating is often done 
in much less time than this. To 
accomplish solution at this increas- 
ed rate of heating, temperatures 
considerably in excess of the Ac 3 
must be employed. The presence 
of large Ferrite—Cementite par- 
ticles in the material to be patent- 
ed delays solution and may result 
in what is termed slack patenting. 
Coarse areas of Pearlite, massive 
Cementite and excessive Ferrite 
all require time for solution and 
it is therefore desirable for the 
particles to be as smali as rossible 
to promote the quick soultion de- 
sired. 





+ + + 
J ERTY, LIGHTNER AND MC- 
BRIDE ©) have shown that 
in fine grain Hypo-Eutectoid steels 





there is a greater tendency toward 
the precipitation of free Ferrite 
than is associated with coarse 
grain steel. This would indicate a 
slower rate of solution for this type 
of material. The tendency tow- 
ard the formation of massive 
Cementite in steels high in oxygen 
may also influence the solution rate, 
The complete solution of the con- 
stituents is essential to the produc- 
tion of good wire, both because of 
the necessity of complete solution 
for subsequent recrystallization 
and because grain growth cannot 
take place until solution is com- 
plete. 


+ + + 


Plastic Deformation in Wire 
Drawing 


HEN wire is being drawn the 
size of the die determines 
the diameter; however, it does not 
follow that the strain set up is 
evenly distributed throughout the 
cross section. We are all familiar 
with the fact that steel hardens on 
being cold worked. The harden- 
ing which takes place is progres- 
sive in that the more plastic areas 
harden first and, as their hardness 
increases, other areas, which 
offer more resistance to plastic de- 
formation, are affected. In this 
manner the resistance of the vari- 
ous areas is overcome. Sometimes, 
however, even with a heavy total 
reduction, there are areas that 
will not deform. Areas which do 
not deform, because their resist- 
ance is too great, place the burden 
of deformation on other areas and 
may result in overworking. The 
speed of drawing and the use of 
too heavy a reduction on each 
draft can, by not permitting suffi- 
cient time for flow, cause excessive 
hardening in certain areas and 
produce brittle wire. 


+ + + 


HE plastic deformation which 

takes place is the result of 
numerous slips along crystallo- 
graphic planes without the loss of 
cohesion. If the deformation in 
certain areas is excessive the co- 
hesion may be destroyed and brit- 
tleness result. Because of this it 
is necessary that the deformation 
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be uniformly distributed through- 
out the cross section to produce 
high quality wire. 


+++ 
‘HE microstructure of the steel 
before drawing determines 
the distribution of the effects of 
cold work. Free Ferrite, because 
of its plasticity, will deform read- 
ily while areas of free Cementite 





Fig. 27. 
ing 80%. 


Structure of Fine Pearlite After Draw- 
2000 X. + + + 


will resist deformation. ‘The plas- 
ticity of Pearlite, which consists 
of alternate plates of Cementite 
and Ferrite, depends on the thick- 
ness of the plates and their direc- 
tional relationship to the axis of 
the wire. Thin plates of Cemen- 
tite, because of their relative duc- 
tility, will deform readily while 
thick Cementite plates will offer 
resistance. Areas of Pearlite 
wherein the plates are parallel to 
the axis will offer less resistance 
than areas in which the plates are 
perpendicular to the axis. How- 
ever, areas of fine Pearlite, which 
consist of thin plates, will not offer 
serious resistance regardless of 
their position in relation to the 
axis, while areas of coarse Pearlite 
in which the plates of Cementite 
are perpendicular to the axis, have 
great resistance. 


++ + 

IGURE 27 shows a structure of 
fine Pearlite after cold work- 
ing—this sample had been reduced 
a total of 80‘ in drawing. It was 
necessary to employ high magnifi- 
cation to resolve this structure. 
Figure 28 shows a structure con- 
taining coarse Pearlite perpendicu- 
lar to the axis; the high pressure 
and the hardness developed in the 
surrounding areas have resulted in 
a bending of the plates. In figure 


29 is shown an area of extremely 
coarse Pearlite containing some 
free Cementite; similar areas in 
this sample caused the wire to 
break with a cuppy fracture. 

+ + + 


Patenting 


N the manufacture of steel wire 
the patenting operation is em- 
ployed to develop the microsctruc- 
ture from which the wire is drawn. 
Complete solution of the constitu- 
ents is important in any heat treat- 





Fig. 28. Area of Coarse Pearlite After Drawing 
75. 1000 X. + o + + 


ment in which recrystallization is 
being sought; this is particularly 
true of patenting because of the 
relatively short time alloted. High 
temperatures accelerate solution, 
the rate of which depends to a 
great extent on the particles size 
of the constituents. Because of 
the small section of steel being 
treated solution may take place 
well above the phase boundary 
temperature of Ac 3 or Acecm (see 
figure 1), the exact position vary- 
ing with the diameter of the steel, 
the temperature employed and the 
particle size of the Ferrite and 
Cementite. Under the proper con- 
ditions of heating and with the use 
of steel of good quality, solution 
can be effected; but if coarse par- 
ticles are present in the steel, or if 





Fig. 30. Patented Structure Containing Marten- 
sito Patenting Temperature Too High for Size of 


Wire. 100 X. a +> + aa 


the temperature is too low, it is 
possible to complete the patenting 
treatment without effecting com- 
plete solution. Unless solution is 
complete the grains will not grow 
and the structure developed will 
produce wire of inferior quality. 
The use of high temperature low- 
ers the position of the Ar 1; the 





Fig. 29. 


Coarse Pearlite Which Caused Cuppy 
Fracture. . > + + 


2000 X 


coarse grains that develop as a re- 
sult of its use contribute further 
to this lowering, resulting in an 
added tendency toward the forma- 
tion of fine Pearlite. The use of a 
coarse grain steel, as determined 
by the McQuaid-Ehn test, helps to 
promote a coarse grain patented 
structure in view of the fact that 
the patenting temperature is above 
the grain coarsening temperature. 
Fine grain steels are not desirable 
because the patenting temperature 
is either below their grain coarsen- 
ing temperature or in the range in 
which non-uniformity of grain size 
develops, the result being the for- 
mation of fine grains with a fast 
reaction rate which tends toward 
the formation of free Ferrite and 
coarse Pearlite. If, because of the 
small diameter of the wire. or due 
to too high temperature, the Ar 1 
is lowered to a temperature around 
600° F., Martensite will be formed. 
Figure 30 shows a patented struc- 
ture developed in this manner—the 
white matrix is Martensite and the 
dark areas consist of fine Pearlite. 
Figures 31 and 32 show a coarse 
and fine grain steel, patented at 
1850° F.—the coarse grain steel 
has a coarse grain patented struc- 
ture while the patented structure 
of the fine grain steel consists 
mostly of fine grains with some ex- 
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tremely coarse grains. Figures 
33 and 34 show the same samples at 
1000 x—note the absence of coarse 
Pearlite in the coarse grain steel 
as compared with the fine grain 
steel, also the greater amount of 
Ferrite which has separated out in 
the fine grain steel. Figure 35 
shows one of the coarse grain areas 
found in the fine grain steel (see 
figure 32)—note the fine Pearlite. 
This serves to demonstrate that the 
size of the patented grains can in- 
fluence the fineness of the Pearlite 
developed. 





+ + + Fig. 31. Structure of Coarse Grain Steel After Fig. 32. Structure of Fine Grain Steel After 
Patenting at 1850° F. 200 X. + +  Patenting at 1856° F. 200 X. & & 


|X discussing microstructures | me 
have deliberately avoided the : 

use of the terms Troostite and Sor- 
bite because there is some question 
regarding their presence in steels 
cooled from above the critical 
point. Lueas has shown that by 
the use of high magnifications the 
nodular structure often found in 
quenched steels, commonly termed 
Troostite, can be resolved into fine 
Pearlite. This indicates a tendency 
toward stratification on cooling 
from above the critical range and 
the question has been raised “!) 
as to the existence of Troostite or 
Sorbite as primary constituents. 

+ + + 





Wig. 33. Geue us We. 3. Tien ot ee x, | tO ee ee 


IGURE 36 shows a structure of 

fine Pearlite as observed in 
high carbon patented rod. The 
structures shown in figures 33 
and 35 are similar to this when 
examined at higher magnification. 
The wire shown in figure 27 was 
drawn from a structure similar to 
the one shown in figure 36. 

+ + + 


HILE it seems desirable to 
use coarse grain steel, as 
determined by the McQuaid-Ehn 





Fig. 35. Coarse Grain Area in Fig. 32. Taken 


Grain Size Test, it is possible to at 1000 x. + + + % Fig. 36. Fine Pearlite at 2000 X. + + 
produce good wire from fine grain 

steel. Regardless of the grain size — : : si is 
teel. Regardless of the g ’ grain steels, as determined by the HE normality of steel as indi- 


however, it is essential that the y,.Quaid-Ehn test, should be em- 


constituents be completely dis- saved cated by this test, when con- 


solved in patenting, or poor qual- ae, sidered in connection with steel to 
ity wire will be produced. It is SUMMARY which no aluminum has been add- 
therefore important that the qual- ed to control grain size, is an indi- 
ity of the steel, with respect to dis- HE McQuaid-Ehn Grain Size cation of the amount of dissolved 
solved oxides, be given serious con- Test may be used as a guide, 


sideration. In the manufacture of both in the melting of basic open oxides in the metal. Steel high in 


wire in which high tensile and high hearth steel and in the selection of dissolved oxides may, due to in- 
ductility must be combined, coarse steel for wire drawing purposes. creased solubility of the Cementite 
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in Ferrite, develop massive Cemen- 
tite and Ferrite on cooling. 


+ + + 


CAREFUL study of the 

charge, melt-down carbon, 
rate of carbon drop and slag con- 
dition is essential to the manufac- 
ture of suitable steel for the Wire 
Mill. The deoxidation of the metal 
is also an important step in steel 
making. 

+ + + 


HE control of grain size in fine 

grain steel can be accomplished 
by the use of aluminum in the ladle 
or mold. The steel being treated 
should first be deoxidized to avoid 
the formation of an excessive 
amount of AIl.0; particles. The 
control of coarse grain steel is not 
thoroughly understood, but de- 
pends to a great extent on the 
steel making practice. 


+ + + 


OT or cold work does not seri- 

ously influence the size of the 

Austenitic grains, as determined 
by the McQuaid-Ehn test. 


+ + + 


HE temperature at which the 

Austenitic grains coarsen is 
important in the development of 
the patented grain size. So far as 
determined at present, a small 
amount of reduction in drawing 
seems to lower the grain coarsen- 
ing temperature while heavy re- 
ductions seem to raise it. 


+ + + 


OARSE grain steels have a 
slow reaction rate and fine 
grain steels have a fast reaction 
rate. The rate of reaction has an 
influence on the fineness of the 
Pearlite developed as a result of 
patenting. 


ISSOLVED oxides and _ fine 
grains may, by the develop- 
ment of large particles, influence 
the rate at which the constituents 
go into solution. 


+ + + 


2 ae produce wire of high quality 
it is important that the cold 
work be evenly distributed 
throughout the cross section. The 
distribution of cold work depends 
on the miscrostructure of the steel 
being drawn. 


oe 


b wer patenting operation is a 
prime factor because it is the 
means by which the microstructure 
of the steel to be drawn is de- 
veloped. 


+ + + 


HE difference in the reaction 

rates of coarse and fine grain 
steel is also noticeable in coarse 
and fine grain patented structures. 
Coarse grain patented structures 
tend to produce finer Pearlite and 
less Ferrite in the Hypo-Eutectoid 
steel than fine grain patented 
structures. 


++ + 


a seems desirable to employ 

coarse grain steel for the manu- 
facture of high carbon wire be- 
cause of the coarse patented grain 
size that results from its use. 


++ + 


ROOSTITE, Sorbite or Sorbite- 

Pearlite are not discussed be- 
cause their presence in the pat- 
ented structure is questionable. 


+ + + 
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N addition to the discussions on the research papers, a splendid opportunity is offered to discuss informally, rou- 
tine problems and to exchange opinions and ideas regarding equipment and processes used in the industry. For this 
purpose informal yatherings are held at Wire Association Headquarters in the Hotel Congress which are open from 9 
A. M. to 11 P. M., during the convention. 
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These pages from Republic’s new wire cata- 





log tell the story of a better wire—a wire 
of the highest quality and uniformity. 

Uniformity in Republic wire and wire 
rods is an aforegone conclusion, because 
processing to meet the most rigid require- 
ments starts with the ingot analysis and 
follows through every rolling and drawing 
operation until the finished product is given 
final inspection. 

Whether you make chaplets, upholster- 
ing springs, coat hangers, fencing, screen 
cloth, or any one of a thousand wire prod- 
ucts, you will find it advantageous to have 
Republic’s wire catalog where it will be 


within easy reach. Write for a cop7 today. 


hepublic Steel 


CORPORATION 


CHICAGO «+ + 44E43R 839 
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The Effect on the Physical Properties of Bending 
Copper Wire of Different Grain Sizes 


L. B. Barker, 
Works Laboratories 


By 


C. A. Bailey, 


and In Charge of Wire Department Section 


Testing Laboratory 


General Electric Company, Schenectady, N. Y. 





HE effect of cold working on 

the physical properties of cop- 
per has been extensively studied 
and the results obtained from nor- 
mal drawing and rolling operations 
are well established. Compara- 
tively little attention, however, has 
been given to the effects of small 
amounts of cold working such as 
occur when soft wire is passed 
over one or more sheaves in oper- 
ations which follow the final an- 
neal and which result in measur- 
able increases in the stiffness of 
the wire. It has been observed 
that wire which had been slightly 
cold worked in this manner would 
be indistinguishable from unwork- 
ed wire so far as the tensile prop- 
erties were concerned but would 
show an objectionable amount of 
spring back when wrapped around 
a form. Although the authors 
have been unable to find anything 
in the technical literature which 
bears directly on this problem, they 
believe that efforts have been made 
to develop a testing procedure 
which would bring out the effects 
of small amounts of cold working 
and that the need for such a test is 
widely recognized among 
users of copper wire. It 
is the purpose of this 
pape rto present the re- 
sults of a recent study of 
this subject and to bring 
out the fact that the 
values of tensile strength 
and elongation can not be 
relied upon to detect small 
vaiation sin _ stiffness 
which often make the wire 
unsuitable for winding 


operations. Fig. 1. 


Mr. Barker has been spending 
all his time for the past year on 
copper investigation in direct 
connection with maufacture. 
Mr. Bailey has been making lab- 
oratory tests and developing 
means for testing the materials 
in conjunction with Mr. Barker. 
The results of the work so far 
indicate that there is a distinct 
relation between grain size, 
Rockwell hardness, resistance to 
bending, or so called springi- 
ness, and that there is not nearly 
as close a relationship between 
these things and elongation and 
tensile strength as has been 
usually supposed. + + + 





ESTS demonstrate that when 

one or two similar wires has a 
greater spring back than the other 
that its resistance to bending will 
be considerably greater and since 
the resistance is more easily meas- 
ured than the spring back, partic- 
ularly in the case of large wires, 
the bending resistance only has 
been considered in this report. 


IG. 1 shows the device which 

was built for measuring the 
bending resistance. The design is 
such that a wide range of wire 
sizes can be handled. This is ac- 
complished by changing the posi- 
tion of a moveable arm. The re- 
sult is to simultaneously change 
the length of sample being bent and 
the scale of the load indicating 
mechanism. When a sample is be- 
ing tested, it is held by one end 
in a clamp or vise which is capable 
of being rotated, while the other 
end is restrained from moving by 
the arm of the load indicating 
mechanism. A _ pointer on the 
vise is set to zero as the test starts 
and when an angle of 15 deg. is 
indicated, the load is read. With 
the lengths of wire used, the 15 
deg. angle of bend gives readings 
well beyond the knee of the stress 
strain diagram, thus minimizing 
the effect of slight errors in the 
angular deflection. 

+ + + 


HE testing procedure followed 

was intended to show how the 
15 deg. bend test compared with 
the tensile test and Rockwell hard- 
ness test when applied to 
specimens of wire which 
had bee nannealed at dif- 
ferent temperatures and 
also to specimens of the 
same wire after they had 
been slightly cold worked 








G-E Wire Bend Tester. + + > 


by bending over forms of 
different diameters. Two 
coils of 34” rod which had 
been rolled from scalped 
electrolytic wire bars sup- 
plied all the material for 
the test. One coil was 
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drawn to .229, annealed in a Ken- 
worthy furnace at 500 deg. C. for 1 
hr. and 35 min., and then drawn to 
.204. The other coil was drawn 
directly to .204 without intermedi- 
ate anneals. This provided two 
lots of hard wire with reductions 
in area on the final draw of 20% 
and 70% respectively. 


+ + + 


PECIMENS for the test were 
annealed over a range of tem- 
peratures from 280 to 800 deg. C. 
The total time in the furnace in 
each case was 1 hr. The wire was 
tested in the as annealed condi- 
tion and after being bent around 
diameters of 114”, 8”, 16”, and 
30”. The grain sizes produced by 
the different annealing tempera- 
tures were measured by taking 
photomicrographs at a magnifica- 
tion of 250 diameters and matching 
these against the A. S. T. M. grain 
size standards. The indicated grain 
size was multiplied by the ratio of 
magnifications to obtain the actual 
grain size. 


+ + + 


HE results of the tests on the 
wire as annealed are shown in 
Fig. 2 and Fig. 3. The curves show 
the effect on the annealed wire of 


the previous reduction. The wire 
with the 70% reduction recrystal- 
lized at a lower temperature but 
developed a smaller grain size than 
the 20% reduction. This is in 
qualitative agreement with the re- 
sults of Rassow and Velde (1), 
Alkins and Cartwright (2), and 
others. Neither of the two lots 





show the rapid increase in grain 
size at temperatures above 1700 
deg. C. observed by Christie and 
Pratt (3) but this is probably due 
to variations in the annealing 
operation. The agreement at tem- 
peratures below 700 deg. C. is very 
close. The Rockwell hardness 
values were thought to be of suffi- 
cient interest to include in the 
curves since copper wire is occas- 
ionally purchased to hardness spe- 
cifications. The irregularity oc- 
curing in the hardness curve at 
about 600 deg. C. has been ob- 
served in other tests and is assum- 
ed to be due to a characteristic of 
the Rockwell machine rather than 
to any fundamental change in the 
properties of the copper. This is 
further indicated by the absence of 
similar changes in the other prop- 
erties at this temperature par- 


‘ticularly the 15 deg. bend test. 


+ + + 


N Fig. 4 the Rockwell hardness 

and the 15 deg. bend test are 
shown as a function of the grain 
size. The data appears to indi- 
cate that this relationship is not 
constant but varies slightly in ac- 
cordance with the degree of cold 
work prior to the anneal. In the 
absence of sufficient evidence a 
single curve has been drawn in 
each case. 
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N Fig. 5 and Fig. 6 a comparison 

is made between the effective- 
ness of the 15 deg. bend test and 
the elongation test as a means of 
indicating the results of bending 
the annealed wire over forms of 
different diameters. The speci- 
mens were prepared for this test 
by annealing for one hour at the 
temperatures shown. Elongation 
and bend tests were then made on 
the wire in the as annealed con- 
dition and after bending around 
diameters of 114”, 8”, 16” and 
30”. The bending operation in the 
case of the larger diameters was 
performed by bending around a 
form of the required diameter and 
then pressing the wire against a 
flat surface to straighten it. In 
the case of the 114” diameter bend 
a lathe was used and the straight- 
ening was accomplished by ap- 
plying tension to the wire as it was 
being unwound. 


+ + + 


HE results of this test show 
very clearly that the 15 deg. 
bend test values respond uniform- 
ly to small degrees of cold working 
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while the elongation measurements 
respond very erratically and do not 
show a significant variation until 
the wire has been quite severely 
worked. It should be noted how- 
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ever that in both cases the 800 deg. 
samples work hardened to a high- 
er stiffness than the 700 deg. sam- 
ples. This indicates that for maxi- 
mum softness after a reasonable 
amount of handling the copper 
should be annealed in the neigh- 
borhood of 700 deg. C. for 1 hr. or 
the equivalent. The authors real- 
ize that practical difficulties pre- 
vent the use of such a high tem- 
perature in many cases. If, on 
the other hand, the annealing 
treatment is reduced in time or 
temperature to the point where 
the A. 8. T. M. elongation require- 
ments are barely met, compara- 
tively stiff wire will result. 


+ + + 


N interesting set of curves was 
produced when the per cent 
increase in the 15 deg. bend test 
was plotted against initial hard- 
ness as shown in Fig. 7. While it 
might be expected that the softest 
wire, having the greatest capacity 
for hardening, would have the 
greatest increase in stiffness for 
a given deformation, it was sur- 
prising that the points should fall 
on straight lines which converge 
very closely on the same point. Of 
equal interest is the fact that the 


(Please turn to page 380) 
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Registry of Used Wire Machinery 


The Dunscomb Plan 


W E do not buy, sell, or stock equipment. We function only as a registry bureau 

to arrange the sale of used wire equipment direct from wire mill to wire mill. 
Equipment offered through us is listed (at no charge) with as much detail as would 
assure an inquirer that the item is actually adapted or easily adaptable to his specific 
need. We aim, without putting too much of a burden on the owner, to carry in our 
files enough information to save the time of all parties to a transaction. 





++ + 


UR usual procedure is to put buyer and seller into contact and let them work 

out whatever deal is satisfactory. If a price is given us when the item is listed, 
we generally pass it on to the inquirer as an estimate. When a deal is closed we 
take from the SELLER 10% of the selling price as our commission. 


+ + + 


ANY of our listed items and wants are advertised monthly in Wire and Wire 
Products, which has practically complete coverage in the wire field. Seeing, 
as we do, both sides of the picture, we often match up wants and offerings without 
advertising, or by direct mail, and as our operations expand this is becoming in- 
creasingly easy. We cover this field so effectively that if a sale is made after we 
have published a listing we are bound to believe that it resulted from our efforts, 
whether directly traceable or not, and we require that our clients take the same 
view. 
+ + + 
E do not ordinarily inspect or appraise items offered through our listings but 
we have access to thoroughly competent advice and can arrange for such 
service on request. 
+ + + 
HIS business all passes, ultimately, over one desk, and our files are private. 
This makes it easy for us to conduct a negotiation with any degree of secrecy 


or discretion that a client may specify. 


+ + + 


If You Have Used or Surplus Machinery For Sale We Can Help You. 
No Charge For Listing. 


See List on Page Following 
APPRAISALS + * * STEEL AND NON-FERROUS * * + INSPECTIONS 


FOR DETAILS WRITE 


Dunsecomb Associates 


BOX 320, C/O WIRE AND WIRE PRODUCTS 17 EAST 42nd ST., NEW YORK, N. Y. 
REGISTRY OF USED WIRE MILL MACHINERY 
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No. 237 
Electric Resistance Pointers, 
Capacity .148 


No. 302 
9 Die Richards 
Continuous Machine 
For Copper Rod 








Waterbury stand spooler for 
fine wire. 


No. 321 
Electric Platform Truck 
Capacity 6000 Ibs. 
Platform 41” x 82” x 2214” 
High 





1g 
24 Cells Edison A-6 Batteries 


No. 408 
Barron and Crowther 3 hole 
continuous wire machines, 
ranges from No. 5 rod to 
21 gauge. 





No. 409 
Wire pointers for bench or 
post mounting, %4 to No. 12. 


Registry of Used Wire Machinery 


We Offier—Subject to Prior Sale=The Following 
Used Wire Mill Machinery 


No. 452 
Spot welders, 18” throat. 


No. 456 
Tinning equipment: 
10 and 20 block fine wire 
units, 8” block. 
8 block unit for 16” and 22” 
-blocks. 








No. 418 
Five 4-penny nail machines 
(German design) 





No. 432 
24 block intermediate frame 
with 16” blocks, reducer, and 
pulley drive. 





No. 348 
Five-block rod bench with gear 
drive and motor, 26” and 22” 
blocks. 


No. 400 
Twenty head enameling machine 
complete, capacity down to .001. 


No. 401 
Eight head spooler, capacity 
200 Ib. spools, motor driven. 
No. 402 


Hayes electric furnaces, auto- 
matic control, with 32 head 
spooler, for fine wire. 


No. 403 
Waterbury straight roll fine 
wire machines, motor and belt 

drive. 


WE HAVE 


No. 411 
A 5-keg nail tumbler. 




















No. 416 
Small riveting machines, 
Townsend No. 1 or equivalent. 





No. 420 
4 block rod bench, 22” or 24”. 





No. 427 


24,” x 6” c. r. mills with 
take-ups. 





No. 430 


Double stroke cold headers, 
Waterbury or Manville No. 0, 
up to 3/16 wire 1” blank. 





No. 435 


Nail machine (roofing) 5%” head 
on 12 ga. 


No. 441 
Verticle Riehle tensile testing 
machines, 600, 2500, and 10,000 


No. 445 
Five-head S. & H. florist wire 
machine. 


No. 447 
Electric butt welders, 8 to 20 
gauge steel. 


No. 449 


Electric butt welders, 4 to 20 
gauge steel. 


No. 450 
Electric butt welders, 8 to 20 
gauge copper. 


No. 451 
Electric butt welders, 5/16 to 
1/8 inch copper. 




















No. 459 
Shuster straightening and cut- 
ting machine for % round. 


Ne. 460 


120 National Nail machines, 2D 
to 60 D. 








No. 461 
15 Lambert Cut Nail machines 
4D to 10D. 





No. 462 
No. 6 Morgan Keg Head Nailing 
machine, 60 cycle 440 volt. 


No. 463 
Vaughn Scrap Bundler. 








Ne. 464 
9 Emery Barb Wire Machines, 
2 and 4 point. 


No. 465 
Am. Hard Rubber Acid Pump, 
Model B-244, 2” x 4”. 








No. 466 
Tractor crane, 12 ft. boom, 
without batteries. Capacity 
3000 lbs. at 7 ft. radius. 


BUYERS FOR THE FOLLOWING 








No. 436 No. 448 

Flattening mill for .10 x .014 7-wire planetary closing 
stapling. machine for 24” reels. 
No. 439 No. 453 


Rivet machine for #7 ga. wire. 
Speed not important. 


1 single head ripping machine 
for tungsten carbide dies. 








No. 442 


Automatic keg-head printing 
machine, 9” to 12”. 


No. 443 


Nail machines for 
1” x 15 SWG 
14” x 11 SWG 
2" x 10 SWG 


No. 444 


Machine to make diamond point- 
ed staples. 














No. 446 


Straightening and cutting ma- 
chine for 12 to 16 gauge wire. 


No. 454 
Vaughn Motobloc for %” steel. 





No. 457 
Diamond die polishing machines 
1 for .080 
2 for .050 
3 for .025 








No. 458 


Equipment for manufacturing 
Tungsten and Molybdenum 
wire, press and dies, slug treat- 
ing, swaging, drawing and 
spooling machines. 


Dunscomb Associates 


BOX 320, C/O WIRE AND WIRE PRODUCTS 
REGISTRY OF USED WIRE MILL MACHINERY 


17 EAST 42nd ST., NEW YORK, N. Y. 
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lines all pass below the zero axis 
and show a decrease in bend test 
values tor the hard drawn wire. It 
appears that this decrease in hard- 
ness is the same effect which is 
observed when the elongation of 
hard drawn wire is increased by 
running the wire over a small 
sheave. The elongation of the wire 
with the 70% reduction was 114% 
in the as drawn condition and 
3.7% after bending around the 
114” diameter form. 
+ + + 

HE practical value of these 

-curves lies in the fact that they 
are applicable to wire of any size. 
Results of other tests indicate that 
over a wide range of wire sizes the 
per centage increase in the stiff- 
ness is the same when a wire is 
hent around a diameter which is 


_ any given number of times its own 


diameter... For this reason the 
ratio of bending diameter to wire 
diameter is shown on the curves 
and a good idea of the increase in 
stiffness of a wire when _ bent 
around a sheave or reel and then 
straightened may be obtained from 
the curves. When the wire is so 
small that its Rockwell harness is 
not obtainable, a bend test gives 
at least as accurate an idea of its 
initial hardness provided a curve 
or table is available to show what 
values may be expected. 

+ + + 

Summary: 


HE elongation test does not 
appear to offer any reliable in- 
dication of the changes occurring 
when annealed copper wire is 
slightly cold worked by bending or 
elongation. Under the same con- 
ditions the 15 deg. bend test shows 
a uniform increase in stiffness with 
increasing amounts of bending and 
the effects of different annealing 
temperatures are clearly indicated. 
The Rockwell hardness values are 
similar to those of the bend test 
but tend to be somewhat erratic 
when any amount of cold working 
is involved. 
+ + + 
HEN copper wire is bent 
around a form of a given 
diameter the stiffness may in- 
crease, decrease, or remain the 


(Please turn to page 452) 
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Hard and Soft Copper Wire 


By R. A. Schatzel, Superintendent, General Research Laboratories 





HE art of working copper is 

very old, dating back to the 
early Egyptians. The application 
of science to the study of the 
working of copper is relatively re- 
cent, and is still in its infancy. As 
in other industries developed from 
an honored antiquity, there is often 
much to unlearn before we can 
fully understand the cause of 
rather anamalous behavior. This 
is not difficult to understand when 
we remember that copper is one 
of the most ductile of metals and 
therefore easy to work. It will 
withstand much abuse and a cer- 
tain success is easily attained by 
obvious means, also alleged plant 
secrets long replaced a general 
urgency to a thorough study of 
processing problems. 


+ + + 


BVIOUS solutions have been 

exhausted and further im- 
provement of processes and pro- 
duct now necessary because of in- 
creasingly exacting requirements 
calls for a more ordered attack. It 
is, therefore, not surprising and 
very encouraging to find a rapidly 
growing literature on the study of 
the cast structure and working of 
copper. Much has already been 
accomplished, and much more re- 
mains to be done. 


+ + + 


OPPER is a metal and there- 

fore follows the well establish- 

ed laws of physical metallurgy dur- 

ing solidification and cold working. 

It is our purpose to appraise their 

application particularly to the pro- 
cessing of copper wire. 


+ + + 


The Principles of Solidification 


HE wire bar is a cast ingot and 
regardless of the source of 
copper, has the same shape and ap- 
proximate chemical composition. 


General Cable Corp., Rome, N. Y. 


OUTLINE 


Il. General Principles. 

1. Casting and Recrystallization from 
Molten Bath. 

2. Hot Working — Recrystallization — 
Eutectic distribution. 

3. Cold Working—Drawing—Rolling— 
Effect on Grain Size; Mechanics of 
Slip; Effect on Physical Properties 

4. Annealing — Definition. Effect of 
Cold Working on Temperature; 
Effect of Impurities; Effect of Temp- 
erature on Grain Size. 

Il. Applications of Principles 

1. Wire Bar—Interpretation of Micro- 
graphs of Structure—Oxide Distribu- 
tion. 

2. Hot Rolled Rod—Structure and Re- 
finement of Crystal size. 

3. Cold Drawing—Fibring—Slip Planes 
—Uniformity of Working Through- 
out Cross-Section—Hardening Ef- 
fect of Drawing Schedule on Grain 
Size. 

. Cold Rolling—Brief Mention Only 

. Annealing—Recrystallization; Direc- 
tion of Working; Effect of Annealing 
and Drawing Schedules on Grain 
Size. 


ol 





R. A. SCHATZEL 
Graduated B. S. and M. S. in Chemistry, Union 
College, Schenectady, N. Y. Research Chemist 
General Electric Research Laboratory—two years 
instructor in Chemistry at Union College. Two 
years teaching Fellow at Massachusetts Institute 
of Technology. Assistant Research Director, 
Rome Wire Company 1924-1926. Since 1926 
Director of General Research Laboratories, General 
Cable Corporation. Member Sigma Xi honorary 
scientific society and Lambda Chi Alpha college 
fraternity. American Chemical Society—American 
Society for Testing Materials—British Institute of 
Metals—Institute of Rubber Industry—American 
Standards Association and Associate Member 
American Institute of Electrical Engineers. 





These are controlled by specifica- 
tion. If, however, we examine the 
interior we may find important dif- 
ferences brought about by the con- 
ditions of casting. Just as the 
geologic examination of the earth’s 
crust serves as a history of its 
formation, the crystal structure 
and distribution in the cast metal 
gives evidence of conditions during 
its casting and particularly cooling. 


+ + + 


ESPITE its compact form, a 
metal is a mass of crystals. 
When the metal is polished and 
etched with a suitable agent its 
surface becomes checkered by num- 
erous boundary lines marking off 
irregular blocks or crystals. The 
size of the crystals is determined 
largely by the time of cooling and 
the irregularity is due to their 
method of formation. 


+ + + 


HENEVER a molten metal 

cools and solidifies, solidifica- 
tion starts from various points 
known as nuclei of crystallization 
or germs, just as in the formation 
of crystals from a _ salt solution. 
tapid cooling generally favors the 
formation of many centers of ery- 
stallization, whereas by slow cool- 
ing the mass solidifies around a few 
centers, thus forming larger cry- 
stals. Growth does not take place 
uniformly in all directions, else the 
grains would be spherical; it is 
most rapid along the lines of the 
crystal axes. This leads to tree- 
like crystals first developing, sim- 
ilar to the formations of frost on a 
window pane. When crystals have 
grown along the main axis so that 
they touch adjacent crystals, then 
further growth is accomplished by 
filling in the unoccupied space be- 
tween adjacent crystals. This tree- 
like or primary crystalline struc- 
ture is known as dendritic. 
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IGURE I illustrates diagram- 
‘ matically crystal growth from 
a melt. The solid lines represent 
the cross-sections of the axes of 
solidification, which on further 
growth will ultimately represent 
the dotted polygons or crystals. 
The background is the molten 
metal in which the crystals are 
growing. 
+ + + 
HE dendrites are readily ob- 
served in many cast alloys, 
since the composition of the melt 
may change considerably on cool- 
ing, the higher melting point com- 
ponents solidifying first and the 
lower melting point ones last, thus 
filling in the interstices. 
+ + + 
S has been stated above, cry- 
stals grow from nuclei which 









































Fig. 1. Diagrammatic Representation of Dendrite 
Formation and Solidification From the Melt. 


combination of copper and copper 
oxide which has the lowest melting 
point of any mixture of copper and 
copper oxide. The eutectic of cop- 


copper and therefore are squeezed 
into the grain boundaries. Their 
effect, of course, is much more 
detrimental because they are ex- 
ceedingly weak and of low melting 
point and thus bond the crystals 
very loosely. 


+ + + 

OROSITY is common to a great- 

er or less degree in most cast 
metals and is generally due to the 
liberation of gas on cooling. The 
solubility of gas increases with 
rising temperature. As the metal 
cools there is a decrease in solu- 
bility and a consequent liberation 
of gas. There is a sharp decrease 
in solubility at the solidification 
temperature so that the greater 
portion of gas is liberated at this 
temperature. As solidification pro- 
ceeds the evolved gases are pushed 





Fig. 2. Set Surface on Commercial Wire Bar. 
Shows Eutectic of Copper—Copper Oxide and 
Typical Dendritic Structure. X14 Diam. 


form at various place in the melts 
and grow in all directions until they 
meet a neighboring grain. The 
line of junction betwen two or more 
grains forming what is know as 
the grain boundary. 

+ + + 


OLTEN copper has dissolved 

in it oxygen in the form of 
oxide, which is practically insol- 
uble in solid copper and precipi- 
tates as the process of solidifica- 
tion proceeds. During solidifica- 
tion the oxide is squeezed out or 
pushed ahead of the growing cry- 
stals into the molten matrix in 
which the crystals are growing. 
The molten metal is thus enriched 
in oxygen. When two adjoining 
crystals meet the oxide of the melt, 
and which is insoluble in solid 
copper, precipitates at the grain 
boundaries as isolated globules, or 
as is usually the case, the copper— 
copper oxide eutectic, which is that 


Fig. 3. Thin Set Surface on Commercial Wire 
Bar. Note the Eutectic Grains. X100 Diam. > a 


per contains 3.45% Cu,0 the re- 
mainder being copper. 
+ + + 

EAD and bismuth if present in 

copper as an impurity act sim- 

ilariy to copper oxide in that they 

are practically insoluble in solid 





Fig. 5. Coarse Columnar Grains in Oxygen-Free 
Copper. Produced by Slow Cooling. Note Absence 
of Eutectic Areas. Full Size Cross-Section. + 


Fig. 4. Thick Set Surface on Commercial Wire 
Bar—Dark Areas are Oxide Eutectic, Light is 
Copper. X100 Diam. 7 + Ye 


forward ahead of the growing 
grains and into the center of the 
casting where it will be found that 
porosity is generally noticeable. 
Some gas is inevitably trapped and 
oxide segregated along the grain 
boundaries or even in the interior 
of the grains. Some interesting 
and worthwhile observations on 
the distribution of porosity have 
been reported by Allen (1). Those 
interested will find the discussion 
of particular interest. 
+ + + 
N castings made in horizontal 
molds over 50% of the oxygen 
is contained in a relatively thin 
layer at the top or set surface. 
This layer in copper wire bars 
varies considerably in thickness 
and composition. At the top it is 
practically pure copper—copper 
oxide eutectic which ‘becomes 
richer in copper first apparent as 
dendrites of pure copper in a 
copper—copper oxide eutectic, 
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than to heavy eutetic layers sur- 
rounding copper crystals, and 
finally the normal copper structure 
above described. The maximum 
depth of this layer is usually less 
than 5/16”. It is well to remem- 
ber, however, that this thin layer 
usually contains as much oxygen 
as the rest of the bar and is not 
accounted for in specifications or 
analysis. 
Se 
IGURES 2, 3, and 4 illustrate 
some typical regions of the set 
surface. Figure 2 shows the upper 
region of set surface magnified 14 
diameters. ‘Figure 3 shows a thin 
set surface at 100 diameters. It is 
interesting to note the grains or 
boundary lines of the grains of 
eutectic. Figure 4 is at 100 dia- 
meters and shows the structure of 
a heavy set surface where we see 
islands of copper within a matrix 
of copper—copper oxide eutectic. 








Fig. 6. Cross-Section of Commercial Wire Bar 
Showing Different Structure Produced by Varying 
Rates of Cooling. Full Size. 


NOTHER factor which influ- 

ences the cast structure is the 
direction of heat flow. Generally, 
when cooling is slow the crystals 
grow in the plane of heat flow. 
Cylindrical moids slowly cooled 
frequently give rise to extremely 
large radial grains which radiate 
to the center of the resulting cast- 
ing. Figure 5 shows copper end 
cast in a rectangular mold and 
slowly cooled. The grains are 
large and radiate to the center. 
The first metal to strike the walls 
of the mold is cooled rapidly, form- 
ing centers of crystallization. Cool- 
ing of the remainder of the metal 
is slow and the crystals grow into 
the molten metal in the plane of 


the heat flow which is perpendicu- 
lar to the walls of the mold. That 
is, the crystals grow from mold to 
the center of the melt, whereas 
heat flows from the center along 
the same line to the surface of the 
mold. The metal in the center of 
the casting cools over a period of 
time and reaches the solidification 
point rather abruptly with the re- 
sult that the center suddenly solidi- 
fies forming smaller’ grains. 
Figure 6 shows this to a lesser 
extent as found in a horizontally 
cast copper wire bar. 

+ + + 

Hot Working 


ITH increased temperature 
the plasticity of metal in- 
creases and therefore the ease with 
which they can be deformed, 
affecting an economy in power. At 
the elevated temperature approxi- 
mately 1800°F. gas holes such as 
the usual porosity incident to cast 
structures are welded together 
under the extreme pressures used. 
+ + + 
URING hot rolling the metal 
is not hardened, since the 
working is carried on at a temper- 
ature above that necessary to in- 
stantaneously anneal or well above 
what is known as the recrystalli- 
zation temperature, therefore the 
metal is always completely an- 
nealed and remains soft. While 
hardening does not take place, im- 
portant physical changes are 
affected, since hot working breaks 
up the cast structure and disperses 
any segregated impurities thus re- 
fining and homogenizing the metal 
generally. The reflection of this 
increased homogeneity and smaller 
grain size will be found in in- 
creased tensile strength and tough- 
ness or ductility. 
+ + + 
F, as mentioned above, lead or 
bismuth were present or some 
very brittle constituent had segre- 
gated at the grain boundary the 
crystals would part during hot 
rolling and a condition of hot 
brittleness or “hot shortness” 
occur. Bismuth is especially detri- 
mental. Copper and bismuth form 
a brittle eutectic which contains 
only .2% copper and which is 
molten at 268°C. Each grain of 


copper is therefore surrounded by 
a weak and brittle envelope of bis- 
muth. Fracture readily occurs 
through these films which are 
molten at temperatures above 
268°C. The effect of lead is 
similar to bismuth in that it 
occurs as globules or films sur- 
rounding the grains and forms an 
eutectic containing less than 0.1% 
copper with a melting point 1°C. 
below that of lead. 
+ + + 
N addition to impurities the 
crystal structure may have an 
influence on the hot rolling of 
metals. Since refinement and 
homogeneity are objectives in hot 
working, the metal is kneaded 
much the same as dough or rubber 
on a mixing roll. Any plane of 
weakness at some time is put under 
stress and at this elevated tem- 
perature all grain boundaries are 
potential planes of weakness, since 
we have seen that they are reser- 
voirs of impurities. The large 
grains or coarse columnar struct- 
ure formerly caused considerable 
difficulty during hot rolling, since 
if a crack once started it extended 
2 considerable distance before its 
path was blocked by another grain. 
In finer grained aggregates the 
path is more tortuous and an ob- 
structing grain soon appears. With 
properly designed rolls to give sup- 
port to the metal during the early 
stages of refinement the grain size 
in itself is a minor factor. in hot 
rolling. 
+ + + 
RACKS once formed are not 
welded, since the oxide film 
which forms prevents. Their in- 
fluence is a matter of the degree 
of further hot working the metal 
receives and their depth. Slight 
cracks in early stages of hot roll- 
ing roll out in the form of scale in 
subsequent passes. 
+ + + 


Cold Working 
OLD working is any forming 
operation which is performed 
at a temperature so low that strain 
hardening results. In contrast to 
hot working, cold working pro- 
foundly alters all the physical 
properties of a metal because it 
brings about certain changes in 
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structure of the grains both in- 
dividually and collectively. 
+ + + 
OPPER is perhaps the most 
ductile metal worked in a 
large volume commercially. Be- 
cause of this property reductions 
are possible which can not even be 
considered with brass, bronze or 
some ferrous alloys. 
+ + + 
HE effect of cold working on 
the properties of metal are 
listed below :— 
1. Tensile strength is increased 
2. Hardness is increased 
3. Ductility and extensibility are low- 
ered 
4. Density is lower for worked metals 
in all cases except bismuth 
5. Electrical conductivity lower for 
cold worked metals 
6. Specific heat is increased by cold 
working 
7. Worked metals are anodic to un- 
worked metals with respect to elec- 
trolytic potential. 
+ + + 
HE effects of cold working are 
directional. By this is meant 
that the increase in tensile strength 
and yield point is greatest in the 
direction of working and lower at 
right angles to the direction of 
working. Cold worked metals are 
most always used in such a man- 
ner that the applied stresses are 
parallel or in the direction of the 
cold working. 
+ + + 
HE effects of cold working are 
well known, and are made use 
of in the development of many 
useful properties in metals. Some 
facts in regard to the mechanism 
by which these effects are produced 
are likewise well known from 
microscopical study. The exact 
cause of work hardening and its 
explanation is still the subject of 
diligent study by the physicist and 
metallurgist. Through the instru- 
ment of the X-ray and the increas- 
ing knowledge of atomic physics 
the explanation may now be hoped 
for. 


or 


+ + + 
ORMALLY the grains of a hot 
rolled metal are so shaped 
that, on the average, their dia- 
meters are approximately equal in 
all directions. Such grains are 
called ‘‘equiaxed”. When the ex- 
ternal shape of a piece of metal is 
changed the shape of the grains 


undergo similar changes. If the 
metal is deformed as by drawing 
into wire, the grains are elongated 
in the direction of working. This 
change is brought about by the 
movement of many small blocks 
of metal within the crystal along 
slip planes. The change is accom- 
plished by a multitude of minute 
slips each so small that the grain 
retains a smooth outline. The slip 
planes are planes of atoms and slip 
takes place most easily on those 
crystallographic planes most 
densely populated by atoms. 























Fig. 7. Face Centered Cubic Lattice For Copper. 


IGURE 7 shows the type of 
crystal structure in which 
copper crystallizes; namely, the 
face centered cubic system. The 
black spheres represent the posi- 
tion of copper atoms in space. The 
crystal aggregate which we see 
under the microscope is composed 
of a great number of these small 
unit cubes. There are, therefore, 





a number of like parallel planes 
within each crystal grain along 
which slip can take place. Slip 
takes place most readily along 
those lanes which are furtherest 
separated and which have the 
highest atomic concentration. 
Such a plane is represented by a 
plane passed through a corner of 
the cube intersecting the atom in 
the corner and two faces thus 
making a 45° angle to all axes. 


+ + + 
HE mechanism of slip may be 
diagrammatically _ illustrated 


as in Figures 8 and 9. Figure 8 
represents the planes in an un- 
strained crystal and can be likened 
to a deck of playing cards. If the 
stack is pushed in the direction of 
the arrow, Figure 9, the cards or 
planes will glide over each other. 
Figure 10 shows a similar repre- 
sentation in a hard drawn copper 
wire of .072 diameter at 1500 dia- 
meters. 
+ + + 

HE crystal as viewed under the 

microscope is really a huge 
aggregate composed of many of the 
smaller unit cubes shown in Figure 
7. When sufficiently strained de- 
formation takes place along some 
crystallographic plane and _ the 
crystal is fragmented. These frag- 
ments cohere and deformation is 
therefore not accompanied by 
rupture. Recent work has shown 
that there is a limit to this frag- 
mentation and the smallest frag- 
ments or crystals will be from 
¢.001-0.0001 cm. long. These are 
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the limiting values for 
cold working. (2) Gough 
has also found through 
the aid of X-ray studies 
that cold working pro- 
duces a distortion of the 
crystal lattice which does 
not proceed indefinitely 
but reaches a maximum 
in the case of copper at 
0.3%, which means a :3% 
change in the parameter 
of the elemental cube. 
++ + 

8 pseicngpine the ad- 

jacent grains in a 
metal are oriented in dif- 
ferent directions, i.e., 
their crystallographic — Fiz. 10. 
axes are not in the same 
direction. On cold working 
the crystals tend to align them- 
themselves in a constane direction 
instead of being randomly disposed. 
This tendency for the crystals to 
be aligned in the direction of work- 
ing is known as preferred orienta- 
tion. This is never complete re- 
gardless of the severity of cold 
working. Preferred orientation 
generally appears in copper only 
after 30-50% reduction in area. 
(2). 

+ + + 


HERE have been a number of 

theories put forth to account 
for work hardening, some of which 
we will briefly review. The first 
theory put forth to account for 
work hardening was the amor- 
phous phase conception. Accord- 
ing to this view, cold working more 
or less disorganized the material, 
forming amorphous metal along 
the slip planes. The amorphorus 
metal was said to behave similarly 
to a super cooled liquid like glass. 
Although this theory did explain 
many of the phenomena occurring 
during plastic deformation, yet, it 
did not give a complete solution. 
In fact, the very existence of 
amorphous metal in the true sense 
has never been substantiated. The 
thinnest beaten foils of metals 
when examined with X-rays still 
show unmistakable evidence of the 
crystalline structure. (3) 


+ + + 


OLLOWING the amorphous 
phase theory in importance is 


Longitudinal of a Hard Drawn 0.072 Wire. 
sent the Planes on Which Slip Has Taken. 
the Grains and the Elongation in the Direction of Working. 





the slip interference theory which 
took cognizance of the fact that 
cold working caused crystal break 
or grain fragmentation. Although 
cold working gradually rotates and 
tends to align the crystal frag- 
ments into a constant and uniform 
direction, the aligmnent never be- 
comes quite perfect. Since the 
grain fragments are really very 
small crystals they also have planes 
or directions in which the atoms 
may glide or slip. If all the frag- 
ments were perfectly aligned and 
similarly orientated then any slip 
or gliding movement could easily 
proceed through all the grains 
fragments. Since, however, the 
alignment is not perfect the slip or 
gliding movement is_ interfered 
with as it traverses from one cry- 
stal fragment to the next. It is 
this interference with the process 
of slip, caused by the disregistry 
at the boundaries of the grain frag- 
ments which is the cause of the in- 
duced hardness resulting from cold 
working, according to this view. 


+ + + 


HESE theories have failed to 

explain all the phenomena oc- 
curring during cold working. Many 
of the effects of cold working, such 
as lattice distortion, do not occur 
in all metals. For example, al- 
though aluminum and molybdenum 
show all the effects of cold work- 
ing which are common to other 
metals, they differ in one import- 
ant respect, namely, they show no 
lattice distortion. 


MORE recent view of 

Mark and Hengsten- 
berg is that work hard- 
ness is associated with 
the distribution of the 
electrons around the 
atomic nucleus. The elec- 
trons surrounding the 
atomic nucleus are consid- 
ered as a “balloon” of 
electric charge and have 
the property of being able 
to scatter a beam of X- 
rays which impinges up- 
on them. Assuming that 
the electrons do exist as a 
“balloon” of _ electric 
charge, then one can 


The Streations Repre- r i 3A, $4 x 
Note the General Distortion of eadily See how the bal 


X1500. + loon’ can be deformed 


without altering the posi- 
tion of the atomic nucleus. 


+ + + 


F now the position of the atomic 
nucleus has not been changed 
then there has been no lattice dis- 
tortion, but if the distribution of 
electrons has been effected then 
the scattering of X-rays will also 
be effected. Wood (4) and others 
have shown that cold worked alu- 
minum and molybdenum do effect 
the scattering of X-rays. 
+ + + 
HUS we see that all of the 
above: grain fragmentation, 
lattice distortation, preferred ori- 
entation, together with the forma- 
tion of a hypothetical vitreous 
amorphous cement along the slip 
planes and the interference to slip 
caused by the disregistry at boun- 
daries of the grain fragments, have 
been used to explain the cause of 
work hardening. All these the- 
ories have been and are of real 
value in explaining the properties 
of metals but all fall short in some 
respect. 
+ + + 
HILE the final answer is not: 
written, it is probable that 
Gough, Mark and Hengstenberg 
(2), Bragg, and their fellow co- 
workers in the field of atomic 
physics will provide either the an- 
swer or the data from which the 
answer will be written. 
+ + + 
Annealing or Recrystallization 


F a cold worked metal is heated 
to a temperature sufficiently 
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high the effects of cold working 
will be lost and the distorted grains 
will be replaced by new grains 
which are smaller and generally 
approximate an equiaxed shape. 
The lowest temperature at which 
this happens is known as the re- 
crystallization temperature and 
varies depending upon the metal 
and the degree of cold working. 
For severely cold worked copper 
the recrystallization temperature 
is in the vicinity of 200-250°C., 
while for iron it is 450°C. 


+ + + 


S the metal is heated to tem- 

peratures exceeding the mini- 
mum annealing temperature the 
newly formed grains increase in 
size. This is known as grain 
growth. 


+ + + 


HE changes occurring during 

recrystallization can be gener- 
ally stated as follows. The rate of 
heating to the annealing tempera- 
ture has no appreciable effect on 
the final result obtained for copper. 
Also the rate of cooling from the 
annealing temperature has no 
effect on the strength or ductility. 


+ + + 


| N general, the greater the degree 
of cold working the lower the 
temperature at which softening 
begins, the faster the rate of soft- 
ening and the smaller resulting 
grain size. The lower the tempera- 
ture of working and the purer the 
metal, the lower the softening tem- 
perature. This is very pronounced 
with silver bearing copper where 
the softening temperature may be 
raised as much as 150°C. 


+ + + 


HE recrystallization tempera- 

ture may vary within the same 
metal if homogeneity does not ex- 
ist. If the deformation is slight 
and the grain size large, it is prac- 
tically impossible to produce a con- 
dition of uniform strain hardening, 
as a result such samples will in 
most cases recrystallize over a 
range of temperatures. 
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From Honeman & Lucke 


Fig. 11. Shows the Effect of Cold Working on the Minimum Annealing Temperature for Copper. + 


IGURE 11 after Hanemann 

shows the effect of cold work- 

ing on the annealing temperature 
of copper. 


+ + + 


NOTHER point of considerable 

technical importance is the 
grain size prior to deformation. 
The smaller the grain size the 
greater is the strain hardening ef- 
fect of a given degree of deforma- 
tion, and consequently the lower 
the recrystallization temperature. 
This effect is most noticeable at 
small and moderate reductions. 


+ + + 


ITH increasing time at the 

annealing temperature there 
is an increase in grain size with a 
corresponding drop in ductility and 
strength. At moderate annealing 
temperatures this effect is not 
especially pronounced, but at high- 
er temperatures there is a decided 
coarsening of the grain and drop 
in physical properties. 


ONG time annealing tests show, 
however, that there is no defin- 
ite annealing temperature and that 
softening proceeds even at tem- 
peratures as low as 100°C., but at 
a very slow rate, requiring many 
years to reach completion. Cop- 
per with an initial reduction of 
71% would require fifty years at 
atmospheric temperature to show 
a softening of 1%. (5) 
+ + + 


HE rate of softening at any 
*/- temperature is closely related 
to the degree of cold working, the 
rate of softening increasing rapid- 
ly with the degree of cold working. 
For instance, at 250°c. and a 20% 
reduction by cold rolling, it would 
require approximately one year to 
get complete softening, whereas 
after 70% reduction the time 
would be reduced to about 2-3 
hours. The important factors in 
annealing are therefore, tempera- 
ture, time, grain size and degree 
of cold working. 
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Practical Metallurgy 


HE practical aspects of the 

foregoing principles are of con- 

siderable importance to the cop- 

per wire manufacturer and will be 

discussed from a practical stand- 

point in the following paragraphs. 
a ae 


Wire Bars 
HE wire bars received at the 
wire mill vary considerably in 
macro and micro-structure and 
generally reflect the conditions un- 
der which the bars were cast. 


ae 


ARS from a certain refinery 
generally have the same type 
of micro-structure, since the melt- 
ing and casting conditions are con- 
trolled within relatively narrow 
limits. If in general the bar is 
rapidly cooled the grain structure 
is small, whereas slow cooling tends 
to coarsen the grain. 
i Seo 


HE rate at which a casting 
‘I cools depends on several fac- 
tors, namely, the temperature of 
casting, whether the casting is 
chill cast or permitted to cool slow- 


ly by conduction and radiation and 
the cross-section of the casting. 


+ + + 


OOLING is more rapid for the 

thinner sections and therefore 

the ends of the bar cool faster than 
the body of the bar proper. 


+ + + 


IGS. 12 and 13 show this effect 

pronouncedly. The coarse 
grained cross-section was taken ap- 
proximately in the middle, whereas 
the fine grained structure existed 
at the extreme end, both structures 
existing in the same bar. 

+ + + 


an earlier paragraph it was 
shown that the set on a wire 
bar could vary within relatively 
wide limits, and also that commer- 
cial bars showed great variation in 
both the depth and structure of 
the set. 


is 


+ + + 

IG. 14 shows a narrow and 

sharply defined set in a com- 

mercial wire bar. Note the oxide 
distribution and the porosity. 


2 = 





O illustrate the variations 

found in set structure, Figs. 
15-18 are included. The set is very 
thick and shows dendrites of cop- 
per extending into the eutectic 
areas. The photo-micrographs are 
taken on immediately adjoining 
areas and show the set gradually 
thinning out until it reaches con- 
siderably below the surface, when 
the oxide eutectic is found as a net- 
work at the grain boundaries. Fig. 
19 illustrates a eutectic area in 
lower portion of set surface of wire 
bar. 





a 


Fig. 14. Shows Thin and Very Sharply Defined 
Set Surface on Standard Brand of Commercial 
Wire Bar. X125 Diam. 





Fig. 12. 
Cooling. 


Coarse Structure Produced in a Commercial Wire Bar by Slow 
Section Taken Mid-Way Between Ends. & +. 


Fig. 13. 


Cross-Section of Same Bar Shown in Fig. 9, Only Taken at Ex- 
treme End Where Cooling Was Relatively Rapid. 3X. + + 
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a. 





the interior of the cast bar 
the oxide segregates at the 
grain boundaries either as globules 


or in the typical eutectic structure. 
+ + + 


IGS. 20 and 21 are typical mi 

crostructures found in the in- 
terior of bars just below the set 
surface. 


a 


+ + + 
HE porosity of wire bars 
varies in different portions of 
the bar. 
+ + + 


IG. 22 shows a cross-sectional 
macrograph of a standard 
wire bar. Note that the bottom of 
the bar is the densest and that 
porosity increases toward the top 
as is evinced by the relatively 
large holes in the set and by the 
data of Fig. 23. 
+ + + 
IG. 23 shows the sectional varia- 
tion in density found in a typi- 
cal wedge cake which contained 
0.049% Ov. 
+ + + 
- Improvements in Wire Bars 
N order to overcome the well 
known embrittling effect caused 
by excessive oxygen content, 
especially in the set surface and to 
make use of those remarkable 
properties of .ductility and tough- 
ness with which copper is by 
nature endowed, a number of im- 
provements in wire bars have been 
effected and are now available. 
ae. Aa. 
NE means is to end cast and 
crop the end while a further 
improvement is to end cast under 
an inert atmosphere. A macro- 
graph typical of this structure was 
shown previously (Fig. 5). An- 
other process still in the develop- 
ment stage is to slowly cool from 
the bottom of the melt through a 
die thus eliminating oxygen and 
porosity. A practical method used 
extensively by European and some 
American manufacturers has been 
to scalp or machine off the set sur- 
face, thus eliminating the brittle 
crust, and principal cause of non- 
uniformity. Scalping properly 
done greatly increases the ductility 
and suitability of copper bars for 
all classes of severe cold working. 
+ + + 
HE effect of set surface was 
strikingly illustrated by saw- 
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Fig. 15. Outer-Most Portion of a Thick Set 
Surface Found on Regular Wire Bar. X250 
Diam. + + <a oe 


, 


Fig. 17. Area Immediately Adjoining That in 
Preceding Figure. Note the Eutectic Struc- 
ture Porosity and Gradual Thinning Out as 
the Center of the Bar is Approached. X250 
Diam. * — + + 


ing a regular electrolytic wire bar 
lengthwise. The top half con- 
tained all the set, of course greatly 
concentrated in relation to the 
usual cross-section of copper. The 
lower half was set free. When 
both halves were hot rolled and 
subsequently cold drawn the top 
half could not be drawn beyond 
60% reduction in area without an 
anneal. The lower half was drawn 
from 14” rod to .003 wire approxi- 
mately 95% reduction in area 
without difficulty. 





Fig. 16. Same Sample as in Fig. 12, But 


Shows an Area Immediately Adjoining That 
Shown in Fig. 15. + + 


X250 Diam. 


Fig. 18. Area Adjoining That of Fig. 17. 
Note Structure and Eutectic Network Sur- 
rounding Grains. X250 Diam. + + 





Eutectic Structure Found in Lower Sec- 
X100 Diam. + +> 
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Fig. 19. 
tion of Set Surface. 
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Fig. 20. Structure Found Deep in Commercial Wire _ wae Segrega- 
+ 


tion of Oxide at Grain Boundaries. X250 Diam. 


Hot Rolling 


N order to make use of the wire 
bar its shape must be altered. 
This is accomplished by hot rolling 
the wire bar to some size, such as 
14 or 5/16 inch round rod. 


+ + + 


‘ihalnieses is most generally rolled 
at a temperature of 1600- 
1800°F. At this temperature the 
metal is extremely plastic and can 
be readily rolled into most any 
desired shape by a series of succes- 
sive reductions. Some idea of the 
plasticity of the metal can be had 
by considering that the first pass 
through the rolls reduces the cross- 
sectional area of the bar 30-40%. 
Reductions of this magnitude are 
made possible only by correct roll 
pass design. In roll pass design 
one of the most important factors 
is to so design the grooves that the 
metal is adequately supported on 
all sides. 


1 i 


HE shape of the grooves is 

alternately oval and rectangu- 

lar. This brings about a kneading 

action which breaks up the casting 

structure, disperses the copper 
oxide and homogenizes the metal. 


ae ga, 


LTHOUGH hot rolling dis- 
perses the oxide, ihere is still 
evidence of the set surface in 14 
inch hot rolled rod, the set being 
found as an area high in copper 
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oxide and occurs on one side of the 
rod. This condition is not found 
in scalped or end cast bars, such as 
oxygen-free copper. 


+ + + 


1 ietwormie heating prior to the 
hot rolling the particles of 
oxide increase in diameter by 
coalescence. The eutectic itself 
does not increase in quantity, but 
the individual particles of oxide 
become larger. This coarsening of 


Fig. 21. Structure Found in Middle of Another Wire Bar. Note Porosity 
and Oxide Eutectic at Grain Boundaries. X250 Diam. + + 


the structure is shown by compar- 
ing Figs. 24 and 25. Fig. 24 
represents the structure of the 
original eutectic and Fig. 25 that 
of a reheated eutectic. The 
coarsening is very apparent. Fig. 
26 illustrates apparently coalesced 
oxide within the wire bar. 


+ + + 
IG. 27 illustrates the structure 


of a hot worked eutectic after 
one pass through the rolls. The 





Fig. 22. Cross-Section of Micregraph of Standard Wire Bar. Note Bottom of Bar is the Densest 
* + + + 7 


and that Porosity Increases Towards the Top. 


WIRE 























original structure is partially de- QO, Content: 0O.O#O9% Fercent 








stroyed and new crystals have Section: = a 
formed as is indicated by the twin- 
ning present. There also appears Top 8.48 | 8.33) 8.27) 8.38|8.30| 3.30] 830|8.50| 8.37 


to be less porosity than before roll- 
ing. Fig. 28 is a view in the mid- 
dle of the bar. Recrystallization A 48 | 44) 47 |.50| 48 | 43] 46 | 46 | 8.47 
has taken place as is indicated by 
the twinning. The oxide eutectic 
is also being broken up and is 
elongated in the direction of the 
working. In most working pro- Cc 52| 23| 47)|.53| 47|.48|.43 |.5/ | 8.48 
cesses separate constituents are 
generally strung out in the direc- 








B 48\ .42| .43| 48) .45| 45) 43 | 48) 6.45 











tion of working. D 57 | 45|.46 |. 53 |.55 1.47 | .441.52 | 8.50 
= a. 
IG. 29 shows the grain refine- ay TEU VAT NSE BGA ODORS Ba yl Bs Ba 





ment brought about by hot 
rolling and shows typical struct- 
ures in 14 inch hot rolled rod. 


+ + + 


F 60 |47 |.4797 |.52 |.53| 47 | 48 |.62 | 8.53 





G 62 1.53 | 47 1.541.561.5350 £521.63 8.55 
IG. 30 shows the average oxide 


distribution in the interior of 
a hot rolled 5/16 inch rod. Note H 64 1.55 ).53 |.53 | 571.50 | .55 | 65] 8.57 
that segregation of the oxide has 
been broken up and that now it is . 









































quite evenly distributed. / 62 |.58 |.57 |.57 |.57 |.57 |.60].6/ | 8.57 
+ + + 
IG. 31 shows segregated oxide J 6) NSO RS ELSE LSS VSS OT CL 8.58 
on one side of a wire drawn 
from hot rolled 0.250 inch rod to a K 63|.65) 591.57 |.571.60 |.64 es) 8.6/ 
wire 0.103 ineh in diameter. This 








segregate of oxide is the remnant 
of the set surface which has fol- 
lowed down through the drawing 
process. The banded structure is 
characteristic of the arrangement 
of a dispersed phase, which has 
been cold worked. 


Vertice/ Averoge 57 50 48 5h 52 AF 50 .57 ~Avg. 8-53 


Fig. 23. Diagram Showing Porosity Distribution Over Cross Section of Wire Bar. a 


+ + + 


IG. 32 shows a normal oxide 
distribution as found in the 
interior of the same 0.103 wire. 


+ + + 


OTH of these wires have been 
annealed, but it is noteworthy 
that recrystallization has _ not 
broken up the arrangement of the Fig. 24. Unheated Eutectic in Copper Wire 
copper oxide particles in the direc- —- Ba-_ ¥1000 Diam. + + * 
tion of drawing. 





Fig. 25. Heated Eutectic in Copper Wire Bar. 
Note Coarsening by Coalescence. X1000 Diam. 





+ + + 


Cold Drawing and Annealing 


HE next operation following 

hot rolling is the regular wire 

drawing operation which is con- 
ducted at room temperature. 


BE pee any process of cold 
working the planes of atoms 
glide over each other as stated be- 
fore. Microscopically this is 
observed as a series of lines or 
striations. Fig. 10 previously 
shown, shows slip planes in copper. 
As cold working progresses the 


grains are gradually elongated 
until they assume a fibrous appear- 
ance. Fig. 33 illustrates the fibrous 
structure of hard drawn copper 
wire. Any foreign material such 
as copper oxide is also strung out 
in the direction of cold working. 


+ + + 
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HE first reductions have the 
greatest hardening and 


strengthening effects, regardless 
of how the deformation is effected. 
That is, by rolling of wire draw- 
ing. 
+ + + 
IG. 34 shows a typical cold 
working curve for copper and 
clearly indicates the progress of 
the strengthening. Although the 
work of Alkins and Cartwright 
seems to indicate that working is 
uniform over the cross-section of 
a wire, recent work by Drier (12) 
puts this to question, since the 
hardness over a transverse section 
was lowest on the outside and 
greatest in the core. Actually this 


has no _ special practical signi- 
ficance, since it is the average 
physical properties that are 


measured by the commonly used 
test methods and these are in turn 
used in determining the suitability 
of a certain wire for a given 
purpose. 

+ + + 


HE physical properties of cop- 
per are frequently referred to 
as if they were definite and 
characteristic of the metal. At 
first thought such an opinion may 
seem justified, but the careful 
study of extensive laboratory and 
test data makes it apparent that 
copper, or in fact, any metal, does 
not have any property such as an 
inherent and_ definite tensile 
strength. 
+ + + 


HE tensile strength, whether 

hard or soft, depends solely 
upon the previous history of the 
metal. If the metal has been ruin- 
ed by some fabricating procedure 
no amount of subsequent anealing 
or processing can restore it. The 
tensile strength and ductility for 
any given degree of cold working 
is dependent on the previous pro- 
cessing history and grain size. 
This is very aptly illustrated by 
the tests shown in Table A in 
which the processing procedure 
was varied but the final annealing 
temperature was kept constant. 


+ + + 


LL wire was drawn from 14, 
inch hot rolled rod, with an- 
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Fig. 34. Shows the Effect of Cold Working by Wire Drawing on the Tensile Strength of Copper. 








TABLE A 
Effect of Processing Procedure on Physical Properties of Copper Wire (0.004 Diam.) 
No. | Average Break | Average % Elonga,% Red. Since Last|No. of Process 
Lbs. — _tion _ 4)! ae Anneals 
1 0.556 26.2 85 | 3 
2 0.546 25.9 $0 2 
3 0.551 25.6 95 | 2 
4 0.539 25.4 97.5 | 2 
5 0.497 24.3 | 99.8 1 











neals as evenly spaced as prac- 
tical. The data clearly shows that 
the greater the reduction since the 
last anneal the lower the tensile 









best combination of tensile and 
elongation are obtained by limiting 
the reduction preceding the final 
anneal to between 85 and 90% re- 
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Fig. 26. Apparently Coalesced Oxide in Interior Fig. 27. Shows Eutectic Being Broken Up By Hot Fig. 28. View in Middle of Bar, After One Pass 
+ 


of Heated Wire Bar. X1000 Diam. + + Rolling. First Pass. X250 Diam. + on Hot Rolling. Note Recrystallization and 
Elongation of Eutectic Area. X250 Diam. 
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Fig. 30. Shows Average Oxide Distribution on Fig. 31. Shows Remnant of Set Surface on One 


Fig. 29. Cross-Section of a Hot Rolled % Inch 

Rod, Showing Grain Refinement. X200 Diam. 4 Cross-Section of Hot Rolled 5/16 Inch Rod. X200 Side of 0.103 Copper Wire. Note the Arrange- 
Diam. a . oe + ment of the Copper Oxide Particles in the Direc- 
tion of Working. Unetched. 7 














2 





Fig. 32. Normal Oxide Distribution on Longi- Fig. 33. Fibre Structure Developed in Hard 
tudinal Section of 0.103 Copper Wire. Unetched. Drawn 0.058 Copper Wire. aa + — 
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HESE data check that of 
Pilling and Halliwell (5), who 
found that the degree of cold roll- 
ing preceding annealing decidedly 
effects the final tensile developed 
and also the ductility. They per- 
formed their annealing experi- 
ments of 400°c. (750°F.) and 
900°C. (1652°F.) respectively. 
The lower annealing temperature 
(400°C) is most suitable to obtain 
high ductility, since in this range 
excessive grain growth does not 
occur. 
+ + + 
HESE authors found that fol- 
lowing a 400°C. anneal the duc- 
tility rises slowly through a flat 
maximum as the amount of cold 
rolling increases, declining rapidly 
beyond 70% reduction. After a 
900°C. anneal the result is similar, 
but the drop in ductility occurs 
after 60% reduction by rolling. 
+ + + 
HUS there is a wide range of 
cold working in which high 
tensile strength and good ductility 
can be developed if followed by 
proper annealing. In cold rolling 
it appears to be about 65% reduc- 
tion (Pilling and Halliwell loc. cit.) 
followed by 400-500°C. anneal, 
whereas in wire drawing 85-90% 
reduction is permissible if the sub- 
sequent annealing is properly done. 
Fig. 35 shows Pilling and Halli- 
well’s data. 
+ + + 
HESE data also bring out the 
fact that the effects of previ- 
ous working does not vanish on 
subsequent annealing, but are re- 
flected in the physical properties of 
the annealed metal. 
+ + + 
HE data in Fig. 35 is further 
confirmed by Alkins and Cart- 
wright (6), who conducted their 
tests on drawn copper wires. We 
can then say that severely cold 
worked copper providing it has not 
been overworked, will anneal to 
higher tensile than mildly worked 
copper. However, there are cer- 
tain limitations, as Fig. 35 and the 
data in table B indicate, namely, 
the metal with higher tensile has 
a lower ductility than the metal 
with the lower tensile. (Compare 
the percent elongation in the fol- 
lowing table) 
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TABLE B 


Effect ef Reduction on Tensile Developed on Annealing. 
(Pilling and Halliwell—1925) 








Percent | , Anneal- 
Reduction by | Annealing ing 
Rolling | Temperature | Time 
23.8 (400°C. (752°F.)| 1 Hr. 
84.0 | 400°C. wee OS 


| Physical Properties 





Ae oe % Elong. 2” 
| 33.300 52.6 
| 34,700 47.4 








This is generaily confirmed for drawn copper wire by Alkins and Cartwright. 


TABLE C 


Effect of Cold Working on Final Grain Size 











(Pilling and Halliwell) 

Percent erie , de tigee ee 
meee | tain, | ae | eee 
Rolling F ime illimeters 
71.2 900°C. (1652°F.) 1 Hr. 0.067 
84.0 900°C. 1 Hr. 0.056 








HE tensile strength of a com-- 

pletely annealed copper wire is 
therefore not a characteristic prop- 
erty of the metal but is directly 
dependent upon the previous his- 
tory. 


Grain Size 
‘INCE the physical properties of 
annealed wire are dependent to 
a degree on the grain size, it will 
be of interest to examine a few of 
the factors effecting grain size. 
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Fig. 36. Characteristic Grain Size Curves for Copper. Reductions Given Are Only Approximate. 
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Generally, in finer wires especially, 
it is most useful to measure the 
physical properties of the wire 
rather than grain size; and the fact 
that certain grain size is accom- 
panied by the development of re- 
quired physical properties is of in- 
terest in understanding the process 
by which they are achieved rather 
than an end in itself. 
++ + 
HE effect of previous treat- 
ment on grain size is illus- 
trated by the data below which is 
taken from Pilling and Halliwell. 
‘Here the only variable is degree of 
cold working. See Table C. 
+ + + 
NOTHER factor in determin- 
ing grain size is the annealing 
temperature and impurities pres- 
ent. Increasing the annealing tem- 
perature coarsens the grain, while 
impurities generally increase the 
annealing temperature. These 
effects are shown by figures 36 and 
37. These bring out also that 
while increasing temperature 
coarsens the grain size, not all 
types of copper react in exactly the 


Same manner. 
+ + + 


E see by reference to curves 
A and C in Fig. 36, that it is 
possible to change the shape of the 
grain size temperature curve for 
electrolytic tough pitch copper by 
varying the processing procedure. 
Curve 'B represents the results ob- 
tained by annealing cold drawn 
(silver bearing) lake copper which 
has been processed the same as 
electrolytic tough pitch represent- 
ed by curve A. Curve 37 shows 
oxygen-free copper. It is interest- 
ing to note that rapid grain growth 
starts in the neighborhood of 650- 
750°C. for electrolytic copper and 
at 1000°C. for lake copper, which 
brings out the retarding effect of 
impurities on grain growth. 
+ + + 
RAIN size is further affected 
by the length of time the 
metal is exposed to the annealing 
temperature. At each tempera- 
ture there is developed a grain size 
which can not be changed by fur- 
ther exposure to that temperature. 
The time required to attain this 
grain size is longer the lower the 
annealing temperature. 
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Fig. 37. Effect of Annealing Temperature on 
is Approximate. > + + 


Grain Size of OFHC Copper. Reduction Given 
+ + + + + + 


TABLE D 


Effect of Time at Annealing Temperature on Grain Size 
(Pilling and Halliwell) 




















Percent Reduction) Annealing Annealing Grain Size in 
by Rolling | Temperature | Time Millimeters 
71.2 | 400°C. (752°F.) | 10.5 seconds | 0.012 
| 30 minutes | 0.022 
2 hours | 0.023 
24 hours | 0.024 
TABLE E 


Effect of Annealing Temperature on the Physical Propertics of Hard Drawn 
0.103 Copper Wire 

















Annealing Time Tensile % Elongation 
Temp °F. | Annealed Strength-Lbs./sq. in. ; in 10 Inches 
480 | Vy, Hr. | 37,440 | 31.5 
660 “< 35,900 35.0 
750 | = 35,600 36.0 
840 es 35,360 38.0 
1200 | . 35,360 34.5 
1300 | ay 35,490 34.5 
1400 | " 35,300 33.0 
1600 | s 30,200 28.0 











ABLE D shows the effect of 

time on the grain size at 
400°C, and brings out that the 
greatest change occurs during the 
first half hour of heating; after 
that grain growth proceeds at a 
relatively low rate. 


+ + + 


HE optimum physical proper- 

ties of metals generally are 
not devoleped by excessively large 
or small grain size, but with some 
intermediate grain size. Generally 
the smaller the grain size the 
greater the hardness. Fig. 38 


taken from Angus and Summers’ 
(9) work shows the effect of grain 
size on the Brinnell hardness of an- 
nealed copper. You will note that 
Brinnell hardness increases from 
approximately 45 to 51 with de- 
creasing grain size. 


++ + 


ABLE E showing the tensile 

strength and elongation of 
.103 copper wire drawn from 4” 
rod and annealed at temperatures 
up to 1600°F., together with mic- 
rographs 39-42, gives a graphic 
picture of the effect of grain size 
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4700 


on these properties. At 480°F. 
recrystallization was not complete. 
~ + + 

ROM 660-1400°F. there was 2. 

uniform increase in grain size 
but enormously large grains did 
not develop. Above 1400°F. very 
large grains were rapidly de- 
veloped. These micrographs were 
taken in the densest oxygen area 
and illustrate also that the reform- 
ing of grains has not affected the 
oxide distribution. The oxide is 
still left in strings in the direction 


of working as previously shown. 
+ + + 


OFTENING definitely preceded 
complete recrystallization, and 

it is well known that wire may be 
practically soft while its crystal 
structure still shows the directional 
effect of cold working and the 
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oO crystal development is quite incom- 
Y/ YS ZO DR _plete. At the high annealing tem- 
HIARONESS perature the grain size is not only 
EFFECT of GNAW SIZE ow HARDMESS large, but very irregular with the 
After Angus & Suomers result that physical properties are 
Fig. 38. Effect of Grain Size Upon the Brinell Hardness of Copper. quite erratic. 
(500 Kg. (Load and 5 mm Ball. Sample Cold Drawn from % to * Inch - ta ae 
and Annealed at Various Temps.) a + —- + bs 
Conclusion 
Fig. 39. 480°F.—1% Hr. + + + Fig. 40. 840°F.—\% Hr. + © « ie covering a subject so broad 
we have of necessity touched 


briefly on the various phenomena 
and their explanation. The treat- 
ment of much of the work has no 
doubt, been very inadequate. 
However, if we have clarified the 
approach by which the applica- 
tion of the general principles of 
metallurgy may be applied to mill 
problems, we have accomplished 


our purpose. 
++ + 


SHOULD like to express my ap- 

preciation to fellow workers in 
the General Cable Research Lab- 
oratory for their assistance in ob- 
taining data, and especially Mr. G. 
Pirk for his assistance in prepar- 
ing the photomicrographs and gen- 
eral preparation of the above. 

+ + + 
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SMOOTH WORKING STOCK 


TAKES THE ‘STING’ 


When conditions call for Phosphor Bronze, you 
should save time and money in the production 
of springs and formed wire jobs by using 
SEYMOUR Phosphor Bronze, because it will 
go through the most exacting processes 
smoothly, cleanly and without bothersome 


hold-ups. 


The reason is this: Seymour Phosphor Bronze 
spring stock is hard enough to have good 
resiliency, yet sufficiently workable to permit 
sharp bends without weakening or breaking. 
Illustrated above are a few examples of the 
daily demands made upon and met by this 
very much out-of-the-ordinary spring stock. 
Note the number of bends, as many as eight 


in some cases! 


OUT OF A CLOSE BID! 


It is alla matter of accurate metallurgical 
balance, and this is brought about through a 
vigilant and experienced selection of the virgin 
metals used and alert inspection all along the 
line of manufacture. 


Numbered samples of all furnace heats are 


taken for chemical analysis, and no mix leaves 
the casting shop until it has the laboratory’s 


full approval for possible ductility, tensile 
strength and grain structure. The result is a 
uniformity that holds business once we get it! 


If your results with Phosphor Bronze wire 
have not been good, we would like to send you 
samples of Seymour Phosphor Bronze stock 
for test purposes, and no obligation will be 
included in the package! 


THE SEYMOUR MANUFACTURING COMPANY, 62 FRANKLIN ST., SEYMOUR, CONN. 


Specialists in 


PHOSPHOR BRONZE & NICKEL SILVER 


REMEMBER THE NAME— 
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| AND A STATEMENT OF FACT 


*% The amount you saved in equip- 


ment durin g the past four years 


may 


‘ost yOU a hundred-fold during 


the next fou Y years 
* 
NOW IS THE TIME to investigate thoroughly 


plant operation and equipment... 


to plan 


and build for future economy and efficiency 


When a going concern defers 
replacement or modernization pro- 
grammes—no matter where the 
business barometer may stand— 
it has adopted a dubious sort of 
economy at best. In consequence, 
the economy of yesterday and to- 


day becomes the extravagance of 
tomorrow. 

It is a matter of record that the 
business barometer has risen and zs 
rising,—and that the way is clear 
to greater activity ahead. 

Will your mill be ready to meet 
the demands of the future? 











“HUDCO” PRODUCTS... 
Specially Processed Copper Wire... 


a aa Electrolytic and Oxygen Free a a 4 


WIRE--- 


ESPECIALLY MADE 
FOR METALLIZING 


no & & 








“HUDCO” 
High Conductivity 
Electric Wire 


FINE BARE WIRES 
High Brass 


Low Brass 


oe Zinc 99.99-+- and 
Lead Alloy on % Boe 
Dua Tac High Tensile Zinc 
Zinc Alloy BRUSH WIRES, Commercial Bronze 
Copper CRIMP and STRAIGHT Phosphor Bronze 
Tin Brass, Steel, Nickel Silver, Pure Tin 
High Brass Copper pha Bronze baal 
Low Brass Boosts 

Antimonial Lead 
Solder Wire TINSEL LAHNS ji 
Cadmi ‘ Cadmium 

. cused Silver Plated Copper, Nickel Silver, 109%, 18% 

ae Sg False Gold and Copper and 30% 
Aluminum . *-9 | Silver Plated Copper 
Monel Metal METALLIC FIBRE FOR False Gold and 
Phosphor Bronze PACKING PURPOSES Special Brass and 
Pure Nickel Copper, Bronze, Zinc, Bronze Alloys to 


Commercial Bronze 


Lead and Aluminum 
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Specification 











Winco Leakproof Enameled Wire 


and enameled wires in all Standard and Special Covering a & A 


Made to meet the most exacting requirements A A A 


THE WINSTED DIVISION OF HUDSON WIRE COMPANY, WINSTED, CONN. 











We can serve you quickly and economically. 
Send in your specifications for a quotation. 


HUDSON WIRE COMPANY 


Ossining, N. Y. 
Estab. 1902 Successors ROYLE & AKIN Estab. 1902 














Acid Cleaning and Material Handling 
of Rods and Wire 


By Frederick A. Westphal 


Superintendent of Wire Mills, Sheffield Steel Corporation, Kansas City, Mo. 





T the start of this subject a 

scientific understanding is 
given of the chemistry of sulphuric 
acid cleaning and it is placed in 
three elementary equations. The 
reason for three equations is be- 
cause the mill scale may contain 
one of the three oxides, and they 
are as follows: 


(1) Fe0+H.SO, = FeSO,+H,0 

(2) Fe,0,+3H,SO,=Fe(SO) ,),+3H.O 

(3) Fe,0,+4H,SO,=Fe(SO,)4)+ 
FeSO,+4H,0 


+ + + 
T is believed that equation (1) 
may be applied to small size 
rods such as #5 gauge to 5/16” 
inclusive; equation (2), to larger 
sizes such as 3/8” to 9/16” in- 
clusive, because of the greater 
amount of mill scale due to longer 
rate of cooling after hot rolling; 
equation (3), to rivet rods, mer- 
chant stock and nut flats, that 
have a still greater amount of mill 
scale after hot rolling. The analy- 
sis of the steel involved also has a 
direct bearing on which of the 
types of mill scale prevail. 
+ + + 
HE chemical reaction of the 
steel with the acid is repre- 
sented by the simple equation: 
Fe+H,S0O,—FeSO,+H, 
+ + + 
O give an understanding on the 
actual operations of the sul- 
phuric acid cleaning, the following 
points are hereby presented: 
+ + + 
(1) Temperature 
N low carbon stock up to .25 
carbon it may be up to 180 
degrees Fahrenheit; on higher 
carbon stock, particularly spring 
and rope wire steel, say .30/.85 
carbon, it should not exceed 120 
degrees F., preferably at 100 de- 
grees F. The temperature has a 
direct effect of acid brittleness and 
failure to carry the correct tem- 
perature can also result in a fer- 
=~ 


Ears subject covers one of the simp- 


lest yet one of the most important 
operations of wire manufacturing. It 
is an all important link of the chain of 
operations in taking steel through to the 
finished wire product. Lack of control 
of this operation can weaken the chain 
and cause grief and loss in subsequent 
operations. Many years ago, while 
working in one of the oldest and largest 
plants of its kind, a wise and experienced 
man told me in effect, "Young man, 
learn and understand acid cleaning op- 
erations because good steel can be 
ruined and in some cases it can make or 
break good wire manufacturing." Many 
losses in wire mill practice can be plac- 
ed in the cleaning house, but by all 
means not all of them. 


+ + + 


% presenting this article, it shall be 
_ endeavored to give it chronologi- 
cally and practically, and some of the 
information herein stated has long been 
accepted knowledge of the arts and 
sciences of the steel and wire industry, 
whereas some of the items may be con- 
sidered unique. The object herewith is 
to give as briefly and concisely as pos- 
sible this important subject of the initial 
acid cleaning and handling of rods 





FREDERICK A. WESTPHAL 


Born Holyoke, Mass., 1895. Graduate U. S. Naval 
Academy. Four years with American Steel & 
Wire Co. In 1922 Assistant Superintendent, Rod 
and Wire Works, Jones & Laughlin Steel Corp., 
Aliquippa, Pa. In 1928 Superintendent of Wire 
Mills, Sheffield Steel Corp., Kansas City, Mo. 
During World War served as Officer Sixth Field 
Artillery—severely wounded in action—twice cited 
and decorated for gallantry in action and meri- 
torious services. Director of the Wire Association. 


ER aes eS 
and wire, and furthermore, the spirit is 
for helpfulness and not for controversy. 
rous sulphate and carbonaceous 
smut on the surface of the steel, 
that is detrimental to subsequent 
drawing. 
+ + + 
(2) Acidity 

HIS may vary from 3% to 8% 

. depending on the type of stock 
being cleaned; the lower acidity 
prevails for smaller gauge rods 
with a minimum of mill scale, 
while the higher acidity may pre- 
vail for larger size sections, such 
as rivet rods or nut flats, that may 
have a heavy mill scale similar to 


a “bark’”’ scale. 
+ + + 


(3) Baume 
HIS scale of measurement is to 
determine the density of the 
cleanoing solution and is readily 
used to indicate the amount of 
free iron sulphate. When a tub 
has been used for a period of time 
and the hhyrometer reading is ap- 
proaching 20 degrees Be., it shows 
the solution is getting so-called 
“dirty”. Depending on the steel 
to be cleaned, experience dictates 
whether or not to dump the solu- 
tion. The highest limit for any 
Baumé reading should be 25 de- 
grees, because to add acid at this 
point merely enriches the iron sul- 
phate, which, of course, is fool- 

hardy. Peer ae 

(4) Time 
HIS element should be appreci- 
ated as time varies according 
to the type of steel being cleaned 
and condition of solution. On a 
fairly clean tub #5 rods may be 
cleaned successfully in about 20 
minutes, whereas larger size rods, 
such as 55/64 rivet rods, may take 
as high as 60 minutes. Experience 
and vigilance determines the time 
necessary for good cleaning and to 
meet the variables of this opera- 

tion. 





September, 1935 


401 





(5) Water Cleaning 
HIS water cleaning is essential 
after the steel has been acid 
cleaned and the stock may be thor- 
oughly rinsed by water by (1) im- 
mersing in a tub of clean water (2) 
washing off thoroughly by a hose 
giving about a 1” stream under 
high pressure of 80 to 125 pounds 
per square inch, or (3) inserting 
the steel into a chamber-like tub 
that is piped up with a series of 
nozzles that eject water under 
high pressure, thereby thorough- 
ly washing every portion of area 
of cleaned steel. 
++ + 
(6) Sulling 
HIS sulling operation is neces- 
sary for certain purposes and 
it demands an atomized spray of 
clean water playing on the steel 
for a period of time that is deter- 
mined by atmospheric conditions 
and the finished product desired. 
+ + + 
(7) Lime 
T depends on the finished pro- 
duct desired on the type of lime 
coat. So-called “bright lime” de- 
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mands that as soon as steel has 
been thoroughly rinsed in water, 
that it be instantly immersed in a 
tub of cold lime of a determined 
consistency of lime and then im- 
mediately into the bakers. Then 
there is light, medium or heavy 
lime coats with or without a sull- 
coat, and here again experience 
determines the desired finished 
product. An excellent quality of 
lime is positively essential—free 
from grit, dirt or excess silica. 
+ + + 


(8) Inhibitors 

HERE are many reliable in- 

hibitors available and by all 
means one should be used. Ex- 
perience teaches the use of inhibi- 
tors by using one pound to every 
200 or 300 pounds of 60 or 66 
degree Baumé sulphuric acid 
charged into a cleaning solution. 
Some inhibitors may be mixed or 
applied in the acid storage tank; 
or directly at the cleaning solu- 
tion where usually at every sec- 
ond cycle of cleaning a small 
amount of it is added. Originally 
cheap fermented rye flour was 
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+ Figure I. + 
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used with some success, but al- 
though inhibitors at first thought 
appear expensive, in the long run 
they are the cheapest because 
operating men of the industry ac- 
knowledge that the savings from 
using good inhibitors may be tab- 
ulated as follows: 


(1) Conserves metal loss in chemical 
reaction in cleaning solution. 

(2) Aids very materially in saving acid 
consumption. 

(3) Decidedly aids against acid brittle- 
ness or over pickling. 

(4) Gives a blanket effect in a cleaning 
solution that aids working condi- 
tions, health of personnel and conse- 
quent saving in damage to equip- 
ment. 

+ + + 


(9) Baking 

‘HIS should be mentioned as 

the last phase of the cleaning 
operation. Some believe a baker is 
not necessary, but it is suggested 
that it is positively necessary to 
insure good wire mill practice, be- 
cause it aids in driving off any ef- 
fects of possible acid brittleness 
and thoroughly drys the rods or 
wire, that is essential to start good 
drafting practice. The time of 
baking varies such as for low car- 
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bon stock 2 to 3 hours at about 
300 degrees F., while the extreme 
may be 8 to 10 hours for high car- 
bon rods or wire at a temperature 
not to exceed 400 to 450 degrees 
F. 
+ + + 
HE aforementioned nine points 
are compartively simple, but. 
it calls for excellent supervision 
to see that the proper operating 
details of practice are carried out. 
Tests should be made at least 
every 3 hours during all opera- 
tions to verify correct practice. 
++ + 
T might be interesting to cite 
actual experiences involved in 
this subject as follows: 
+ + + 
Experience | 
HE acid consumption in a plant 
was as high as 120 pounds of 
acid used per ton of rods cleaned 
with a consequent steel loss of 
2.25%. No acid control or testing 
was in effect, nor was any inhibi- 
tor being used. After suggesting 
and placing intelligent and ener- 
getic young men as acid testers in 
the cleaning department, in less 
than six months the acid consump- 


tion was down to 50 pounds of acid 
per ton of rods cleaned and the 
steel loss from .95 to 1.15%. Fur- 
thermore, by using an inhibitor 
decidedly favorable results were 
accomplished. 

The lesson from this experience 
showed not only better quality, 
but a very tremendous annual 
saving in several directions. 

+ + + 
Experience Il 

HE management of a company 

stated that rods furnished by 
“A” had too much scale thereon 
and would not clean as well as rods 
furnished by “‘B’. Acid control 
and periodic testing were in ef- 
fect and an actual test was con- 
ducted between “A” and “B”. 
““A’s” rods were placed in a dirty 
tub with a 26 degree Be. and “B’s” 
rods in a comparatively fresh tub 
and this result was decidedly un- 
favorable to “A”. Upon running 
a test on comparatively fresh solu- 
tions—the net result was that 
“A’s” rods actually cleaned better 
and quicker than “B’s”’ rods. 

The lesson from this experience 
showed how neglect to dump dirty 


tubs was false economy and poor 
practice. 
+ + + 
Experience Ill 

i Ease mill was drawing a large 

tonnage of 13 gauge high 
carbon spring wire from 7 gauge 
patented wire and for two days 
there was excessive trouble due to 
scratched wire and breakage. It 
was hardly possible to draw any of 
the stock to finished size. All 
items of manufacture were rapidly 
investigated and carefully checked 
until finally the lirme used for lime 
coat was discovered to have an ex- 
cessive dirt and silica content, that 
was causing the scratched wire 
and breakage. 

The lesson from this experience 
shows that bad lime can tie-up 
operations. This particular pur- 
chasing department had innocent- 
ly allowed a supply to be furnished 
from a different deposit without 
due investigation and approval 
from the operating department. 

+ + + 
Experience IV 
B Ep management of a company 
built an acid cleaning depart- 
ment and purchased rods instead 
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of wire as previously. Although 
the personnel was skillful and in- 
telligent, complaints were receiv- 
ed covering a multitude of sins and 
rebates were considered in order. 
Upon investigation and actually 
working in this new cleaning de- 
partment, it was found that a few 
suggestions were well taken on 
proper acid control. Also, testing 
equipment for making titrations 
were obtained and after getting 
proper thermometer, graduated 
burrette, methyl orange for color- 
ing, sodium chloride and other in- 
cidentals, and when actual acid 
control was proving itself, this 
Management was very apprecia- 
tive and considered that they may 
have been at fault in complaining. 

The lesson from this experience 
showed that proper acid control 
should be appreciated and that it 
is essential. 

+ + + 
Acid Cleaning Tubs and Vats 
ITHOUT getting too histori- 
cal, the materials of con- 
struction for sulphuric acid clean- 
ing tubs and vats have been con- 
fined in the past few decades to 
mainly spruce, fir and pine wood, 
and non-ferrous alloy metal sus- 
taining rods and fittings. This 
type of construction has given 
good service and today continues 
to give fair service, particularly 
for the old type circular layout of 
5 to 7 individual acid tubs, how- 
ever, for the more modern and 
progressive type of plant layout, 
it is believed that the straight-line 
layout is the more efficient and 
economical by far and it is adapt- 
able for practically any acid clean- 
ing, especially on the coarser sizes, 
say 1” diameter to +20 (.035) 
gauge inclusive. 
+ + + 

N choosing materials of con- 

struction, one might face some 
so-called “pit falls’. Experience 
was gathered from building tubs 
as illustrated by Figure I., which 
shows a cross section with a 9” 
shell, 1” of pure cement and then 
8” brick lining, which was laid up 
with a mixture of 50% pure ce- 
ment and 50% high grade silica 
sand. After very careful and 
daily observation, it was soon 
found that tubs of this construc- 
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Figure III. + + + + 
tion had difficulty in retaining as 
much as 5% acidity and that 
cracks showed up at the most un- 
expected locations, but fortunate- 
ly no appreciable drain trouble de- 
veloped. After each week’s oper- 
ation the interior sides of the tubs 
were “pointed up” with a 50% ce- 
ment-silica sand mixture. After 
months of diligence on the part of 
all concerned and some grief—im- 
provements were in order. 


7 « « + + * 


HE next experience gathered 

was from lining with 14” 
sheet lead placed between the 1” 
pure cement lining and the 8” brick 
lining. The initial cost of this type 
of construction was costly, but 
was decidedly better than hereto- 
fore and for weeks the tubs would 
show no appreciable or damaging 
leaks whatever. By a daily report 
of inspection, it could be observed 
that at any location that a leak 
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could appear that eventually nec- 
essitated tearing out the brick lin- 
ing. Then with a hydrogen flame 
and pure lead solder the lead lin- 
ing would be patched and repaired. 
After many observations, it was 
found that the lead lining wrinkl- 
ed, although it was held in firm 
position by brick and cement or 
was fully exposed and merely 
placed in position on the flat bot- 
tom of a tub. 
+ + + 

5 bev brought to mind expan- 

sion and contraction of mate- 
rials of construction and although 
the range of temperature rarely 
exceeded 180 degrees F., never- 
theless, experience dictates that 
it must be properly regarded and 
duly respected. For emphasis of 
this particular phase of this arti- 
cle, please note the table of data, 
No. 1. 

++ + 

B* studying the above data, and 

realizing that acid tubs in the 
cycle of operating, and by that it 
is meant at times they are shut 
down and cold and then, of course, 
operating at the maximum tem- 
perature,—it can be observed and 
acknowledged that in the bracket 
of 180 degrees F. of heat that 
there is naturally set up an inter- 
nal deteriorating physical action. 
In a length of 40 feet, which was 
the approximate length of the 
concrete shell holding a series of 
four tubs, it eventually caused a 
slight bow or an are that estimat- 
ed a bulge of 4” in the aforemen- 
tioned 40 feet. By mathemati- 
cal calculation it means that un- 
doubtedly due to expansion and 
contraction over a period of time, 
that the total length of the con- 



































Table No. 1 
Material ; Co-Efficient of Linear Bracket of Expansion for 
Expansion (32° — 212°F.) 180°F. for 40’ Length 
Brick -0000030 -2592 
_Cement -0000060 5184 
_Concrete -0000080 6912 
Lead -00001571 1.3573 
Steel -00000636 5495 

















crete shell expanded 2.37”. It 
meant that cracks and voids had 
to be repaired. See Formula—Fig. 
ITI. 
+ + + 

N the past five or more years, 

some plants have experimented 
and installed acid cleaning tanks 
similar to the illustration as shown 
in Figure II. By comparing it with 
Figure IJ., it shows that in place 
of a 1” layer of pure cement that 
it is replaced by a patented as- 
phalt, and in place of the 50% ce- 
ment-silica mixture for laying up 
the brick lining, that it is replac- 
ed by a patented sulphur base mix- 
ture impervious to chemical reac- 
tion by sulphuric or muriatic acid 
solutions in the ranges of concen- 
trated strengths used in the steel 
and wire industry. The emphasis 
is given on the expansion and con- 
traction of the 180 degree F. 
bracket and it is taken care of by 
the fact that the interior brick 
lining of each respective brick tub 
figuratively “floats” and can move 
in the cushion of the 1” layer of 
the patented asphalt mixture. 
This type of construction should 
last for many, many years with 
reasonable operating care with a 
very minor maintenance cost. 


N conclusion, it might be stated 

that a vast subject has been 
covered containing many vital 
points to the steel and wire indus- 
try. Many items have been mere- 
ly touched, upon which chapters 
could be written with correspond- 
ing data and formulae, but as 
aforementioned, a true picture of 
conditions as they are and as they 
have been experienced is hereby 
given as briefly and concisely as 
feasible. 

++ + 


Material Handling 


HE handling of the steel and 

wire through to finished pro- 
duct can best be given by stereop- 
ticon slides. This unique handl- 
ing arrangement is an extensive 
subject in itself, and it will show 
that rods do not need to be handl- 
ed by man-power, other than in- 
tensive inspection, from the rod 
mill until the wire drawer actual- 
ly welds together the ends of the 
coils of rods or “points” an end 
preparatory to drawing. It is the 
desire that these lantern slides 
will give a complete and compre- 
hensive presentation along with 
what is hoped will be appropriate 
remarks. 
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1. Reduce Your Drawing Costs 
By Reducing The Number of Drafts. 
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Modern Acid Handling Methods Lower 


Pickling Costs 


By J. R. Hoover, Assistant Manager, Chemical Sales Division 





RADITIONALLY, acid leak- 
age, frequent shutdowns, 
rapid corrosion of overhead struc- 
tures, disintegration of founda- 
tions, failure of tanks and sewers, 
high maintenance expense and 
dangerous working conditions have 
been taken for granted as an inher- 
ent burden of pickling room oper- 
ation. (Fig. No. 1 on next page). 
+ + + 
Se erty recent years, however, 
under economic stress, an en- 
tirely new point of view has been 
developing. Modern trends in steel 
production have focussed atten- 
tion upon pickling costs as never 


before, 
SS a 


F necessity a new technique in 
acid handling has_ resulted. 
Progressive steel men of today will 
not tolerate the traditional wastes 
and hazards of the pickling room. 
Modern acid handling methods 
lower costs and improve working 
conditions to the point where 
pickling reaches a degree of ef- 
ficiency comparable with that of 

other steel mill operations. 

+ + + 

Continuous Pickling 
HE problem of acid handling 
assumes major importance 
when materials are to be handled 
continuously through the pickling 
bath. Shutdowns for repair have 
far-reaching and costly effects up- 
on plant operation. Acid contain- 
ers are larger and the potential 
wastes through leakage loom cor- 
respondingly. With heavy continu- 
ous equipment now generally used 
in pickling strip steel the preserva- 
tion of foundations and under- 
ground structures to avoid set- 
tling or heaving becomes vitally 
important. Permanently acid-tight 
tanks and sewers must be used if 
the full economies of continuous 

processing are to be gained. 


The B. F. Goodrich Co., Akron, Ohio 


An entirely new point of view has been 
developing in recent years with respect 
to methods of handling acid in the pick- 
ling of steel. It is gradullay being rec- 
ognized that acid leakage, hazardous 
working conditions and frequent shut- 
downs for repair can and should be 
eliminated;—to the point where pick- 
ling reaches a degree of efficiency com- 
parable to that of other steel mill oper- 
ations. Some of the improvements in 
equipment and methods which are re- 
sponsible for this new point of view will 
be described, with emphasis upon lower 
cost per ton of pickled steel. * + 





‘+ is not strange, therefore, that 

acid handling equipment should 

have attained its highest present 

state of development in modern 
continuous wide strip mills. 

+ + + 

ELDED steel tanks, lined in- 

side with 14” thickness of a 

special three ply rubber known as 

Triflex and sheathed over the rub- 

ber with 8” of acid-proof brick 





J. R. HOOVER 


Born in Little Falls, Minnesota, April, 1903. 
Received S. B. degree in Chemistry, Harvard Col- 
lege, 1924. Graduate School of Arts and Sciences, 
Harvard University, 1924-25. Employed by the 
B. F. Goodrich Company, Akron, Ohio, 1925 to 
present. Manager, General Chemical Laboratories, 
1929-31. Assistant Manager, Chemical Sales 
Division, 1931 to present. Member American 
Institute of Chemical Engineers. 


have proven highly successful in 
such installations. This compara- 
tively new type of acid tank, first 
used about five years ago, depends 
for success upon three fundamen- 


tal developments: 

1. The Vulcalock process, discovered 
in 1924 by research chemists of the 
B. F. Goodrich Company, whereby 
rubber is bonded to steel during 
vulcanization with practically in- 
tegral adhesion. 

2. More recently, the development of 
a three-ply acidproof rubber lining 
specifically designed for pickling 
tanks, in which advantages of both 
hard and soft rubber are combined. 
Adjacent sheets of this Triflex lin- 
ing are joined during application in 
such a manner as to compensate 
adequately for expansion and con- 
traction of the hard rubber center 
ply with extreme changes in temp- 
erature. (Figs. No. 2 and No. 3) 

3. Properly designed sheathings of 
brick, usually jointed with sulfur 
base cements, not only provide ex- 
cellent mechanical protection but 
have the further merit of substan- 
tially reducing the temperature at 
the surface of the rubber, thus plac- 
ing the lining under ideal condi- 
tions for long, uninterrupted ser- 
vice. Oxidation, heat and light are 
the factors which cause deterior- 
ation of rubber with age. The brick 
sheathing practically eliminates 
these factors, rendering the Tri- 
flex lining an almost permanent 
acidproof medium. 

+ + + 

Am tanks for continuous wide 

strip pickling are ordinarily 
made 60 feet long, 4 feet deep and 
12 inches wider inside than the 
maximum width of strip to be run. 
The strip passes through three or 
four such tanks in succession, sup- 
ported between tanks by rubber 
covered steel carrier rolls. A cold 
water rinse and a hot water rinse 
generally follow immediately after 
the last acid immersion. Rate of 
travel of the strip varies from 60 
to 120 feet per minute. Acid con- 
sumption is between forty and six- 
ty pounds of 60 Be. sulfuric per 
ton of steel pickled. A line of com- 


pleted tanks is shown in Fig. 4. 
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HE bottoms of the tanks 
slope four inches in 60 
feet to a sump at one end to 
enable complete drainage 
and flushing out of all 
sludge when emptying. Dis- 
charge of spent acid and 
sludge is accomplished by #@ 
means of six inch lead 
syphons, operated by water 
or steam pressure. These 
efficient devices also con- 
trol the level of acid in the 
tanks. 


+ + + 
Batch Pickling 


LTHOUGH acid con- © 

tainers used for batch 
pickling are generally of 
smaller size than those em- 
ployed in continuous pro- * 
cesses, the same problems 
of waste, destruction and 
hazard comfort the operator, plus 
the added danger of mechanical 
damage to equipment through 
rough handling of material. 

te 


TEEL tanks lined with three- 
ply rubber and sheathed with 
brick have proved their merit in 
this type of work, earning their 
cost in most cases within the first 
year or two of operation through 
savings in acid and maintenance 
expense. (Fig. No. 5) 
+ + + 


CCIDENTAL rupture of the 
Triflex lining, which is only 

a remote possibility owing to the 
protective value of the brick 
sheathing, will show up almost im- 
mediately by a leak through the 
steel shell at the exact point of 
damage. Because of the firm ad- 
hesion obtained by the Vulcalock 


Fig. 1. 





Typical Example of Obsolete Pickling Equipment. 


process and the acid resistance of 
this bond, no creeping of acid can 
occur between rubber lining and 
steel shell. Thus the damage is 
detected before it becomes exten- 
sive. Repairs are easily and quick- 
ly made, involving only that part 
of the tank structure which has 
been affected by the accident. 
+ + + 


N order to gain the full advant- 

age of accessibility, these 

tanks are mounted well off the 

floor. The operator knows at all 

times the exact condition of his 

equipment. There can be no in- 
visible destruction going on. 

+ + + 


AINTENANCE work on tanks 
of this design has consisted 
simply in the periodic application 
of acid-resisting paint to the ex- 
terior. Heat from the bath within 


- S 


wie keeps the outside steel sur- 
face dry, minimizing cor- 
rosion. 


ae ae 
Electrolytic Pickling 


LTHOUGH applied 

only comparatively re- 
cently to large installations, 
electrolytic methods are 
proving definitely success- 
ful in many types of pick- 
ling and the trend toward 
adoption of such methods is 
of course increasing as they 
become perfected. 


+ + + 
CID baths of much 
higher concentration 


or, in certain cases, of 
special composition are 
employed in_ electrolytic 
cleaning. In either case 
the cost per unit volume of solution 
is greatly increased. It is, there- 
fore, absolutely essential to prevent 
loss by leakage if the savings pos- 
sible by the new methods are to be 
made effective. The problem of 
acid containers becomes _ para- 
mount. 


+ + + 


ANKS of the steel-rubber-brick 
design have proven highly 
satisfactory. The insulating value 
of the Triflex lining prevents elec- 
trical losses which would be an im- 
portant factor in acid-soaked tanks 
of wood or masonry design. 


+ + + 


Arrangement and Flow of Work 


TEEL men have devoted a 
great deal of profitable study 

to problems of more efficient use 
of space in pickling rooms and 


y Note: The Hard Rubber Layers are NOT Joined 
logether. The Soft Rubber Layers Allow 
for Expansion and Contraction. 








= 





Fig. 2. Expansion Joint in Triflex Rubber Lining. + + + +e 


ae. 
g I I? EB ord Rubber 


Body of Tank 


24] Soft Rubber 


* + . 
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. 3. 60’ Welded Steel Tank in Process of Lining With 4” Triflex Rub- 
One of Four Acid Tanks for a Continuous Wide Strip Pickling Line. 
Tanks Are Sheathed With 8” of Brick After Placing on Foundations. + 


more efficient flow of materials 
handled. In one wire mill, for ex- 
ample, where the conventional 
“cleaning circle” is employed, pro- 
duction was increased by designing 
a curved steel tank, rubber lined 
and brick sheathed, to handle, in 
the same space formerly occupied 
by three obsolete individual wood 
tubs, the work of five. (Figs. No. 6 


and No. 7) 

eo line pickling of wire 
and rod coils is regarded by 

many operators as offering advan- 

tages in flow of work through the 

pickling building. A line of steel- 

rubber-brick tanks arranged in 


+ + + 


Fig. 5. 
Triflex-Brick Construction. 








Pickling Wire Coils in Tank of Steel- 
+ + + 


Fig. 4. Continuous Wide Strip Pickling Lines at Inland Steel Company, 
Indiana Harbor, Indiana. Welded Steel Tanks Lined With'4” Triflex Rub- 
ber and Sheathed with 8” of Brick and Sulfur Base Compound. Four 60’ 
Acid Tanks in Each Line. Complete Ventilating System and Acid Sewer 
Are Also of Rubber Lined Steel Construction. 


WING to their strength and 

rigidity such tanks may safe- 
ly be moved from one location to 
another when changes in plant ar- 
rangement or flow of work seem 
advisable. 


+ + + 


Ventilating Systems 


BNOXIOUS and _ destructive 

avid fumes from pickling op- 
erations are in many modern in- 
stallations completely removed by 
means of ventilating systems. Here 
also rubber lined steel equipment 
plays an important part. Fume dis- 
posal from large continuous strip 





this manner at the plant of Oliver 
Iron and Steel Co., Pittsburgh, Pa., 
is shown in Fig. 8. 

















Fig. 6. 
Pickling Wire Coils. This Tank Occupies the Same Space as Three Former 
Wood Tubs and Handles the Work of Five. A Good Example of Efficient 
Use of Space in the Pickling Room. + +> + + 


Curved Steel Tank, Triflex-Lined and Brick-Sheathed, Used for 


pickling tanks is, for example, ac- 
complished by the use of section- 





psi, 


Ps . wo 
i x 
Pr, wr fo rd 
t Fa ; 


Tanks of Steel-Triflex-Brick Design Used for Pickling Rod Coils at 


Fig. 7. s 
Note Straight 
* . 


the Plant of Oliver Iron & Steel Company, Pittsburgh, Pa. 
Line Flow of Work. + o > +} 
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Triflex-lined steel 
covers over the tanks, 
from which vapors are 
conducted through rubber 
lined steel ducts. (Fig. 
No. 9). 


al, 


+ + + 


HE ducts are con- 

nected into counter- 
current spray scrubber 
tanks, also rubber lined; 
and from these scrubbers 
the cooled and almost 
acid-free air is blown by 
rubber lined steel ex- 
hausters into a sewer or 
into vertical stacks. Rub- 
ber covered dampers or 
butterfly valves in the 
ducts control the volume 
of air being drawn from each heii 
cover, so that the minimum of heat! 
and acid are lost through the nth 


Fig. 8. 


lating system. Water from the 
scrubber sprays drains through 
rubber lined steel traps and pipe 
lines into a special acid sewer. 

+ + 4+ 


S° complete and effective is the 
fume control by this arrange- 
ment that. from the standpoint of 
objectionable vapors, there is no 
evidence of a pickling operation 
being conducted in the building. 

+ + + 


batch pickling, where mater- 

ial is handled in and out of the 
tanks by crane or similar device, 
the nature of operations will of 
course not permit tanks being cov- 
cred. Effective fume removal may, 


led 


4 
‘ 





Individual Wood Tubs of the Type Neplaced by Curved Tank Shown 
in Figure-6. + > +o ea + + + 


nevertheless, be accomplished by 
slacing exhaust ducts along one or 
both sides of the tank at the top. 
In some cases air is blown across 
the surface of the bath from the 
side opposite the exhaust duct. 
+ + + 
Disposal of Spent Acid 


HE invisible damage to founda- 
tions and underground struc- 


tures which occurs as a result of 


acid seepage into the soil through 
defective submerged sewers repre- 
sents a tremendous item of ulti- 
mate expense. The engineers of 
several large strip mills have 
recognized this condition and have 
taken steps to eliminate it perman- 
ently by designing a sewer with life 
expectancy comparable to that of 
their other equipment. The factor 





of invisibility has been 
circumvented by placing 
the sewer above the floor 
level, so that if leaks de- 
velop they immediately 
become apparent before 


damage is done. 
+ + + 


HE sewer shell is of 

welded steel plate con- 
struction, made in open 
top, trough-like sections 
20 to 25 feet long. These 
sections are flanged at 
ends and tops, flat covers 
being bolted on to make 
the system fume tight. 
(Fig. 10). 

+ + + 

HE steel trough and 

cover sections are 
lined with Triflex rubber, *@ inch 
thick in this case to prevent diffu- 
sion of hot vapor and withstand 
abrasion of sludge passing through 
the sewer. At intervals of 100 feet 
or less rubber expansion joints are 
installed to compensate for expan- 
sion and contraction of the metal 


shell. Spent acid from the pick- 
ling tank syphons, spray water 
from fume scrubbers, drainage 


from drip pans between tanks and 
overflow from hot and cold rinse 
tanks are all discharged into this 
rubker lined sewer. 

+ + + 


HE floors of the pickling room 
are perfectly dry. Liquid 
showing on the floor is regarded as 


(Please turn to page 451) 





Fig. 9. 
Pickling Tanks. 


Rubber Lined Steel Ventilating System for Continuous Wide Strip 
Plant of Otis Steel Company, Cleveland, Ohio. 


Fig. 10. 


Continuous Wide Strip Pickling Installation at Inland Steel Com- 
pany Showing Triflex Lined Steel Sewer for Disposal of Spent Acid. 
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Tests and Testing 


Continental Steel Corporation, Kokomo, Ind. 





HE subject “Tests and Test- 
ing’ is exceedingly broad. A 
complete and detailed survey of 
the necessary testing incident to 
furnishing steel wire “suitable for 
the purpose” would require several 
volumnes, so the scope of this 
paper will, of necessity, be limited. 

+ + + 
ESTING in actual practice is 
not at all a simple matter, 

being usually conducted to insure 
compliance with specifications or 
standards. Intelligent testing 
makes possible the manufacture 
of wire of uniform quality. 

+ + + 

PECIFICATIONS may be 
simple, safe, and _ practical, 
such as “suitable for the purpose” ; 
or they may be of association, 
governmental, utility or industrial 
origin requiring limits on chemi- 
cal, physical, electrical, and/or 
magnetic properties; or they may 
require only the elaborate system 
of quality control of every well 
ordered mill which embraces even 
the ‘“non-specification” material. 

+ + + 
HE only complete specification 
is one which states that the 

wire must be “suitable for the 
purpose”. A variation in the 
characteristics of material from 
various mills results from the 
limitations of materials, equip- 
ment, processes, teamwork, experi- 
ence, and skill, even though the 
products of these mills will meet a 
given severe specification. The 
real tests of materials are the ease 
with which they can be processed 
for the purpose intended, and their 
ultimate usef:] life. 

+ + + 
BVIOUSLY, it is not ordin- 
arily practical to rely on the 

“useful life” test to insure quality 
of material. Limits are set on de- 


C. A. Kellogg, Chief Metallurgist 


A paper covering a very broad 
subject without going into too 
much detail, and pointing out 
some of the problems con- 
nected with wire tests and test- 
ing. + + + + + + 


finite properties of materials to 
insure, as far as possible, long and 
useful life. More reliance than is 
realized is placed on the integrity 
of the supplier, and it is more im- 
portant that the manufacturer 
know what is to be required of the 
wire than it is for the user to lie 
awake nights devising specifica- 
tions. [t is a mistake to over- 
emphasize the value of any single 
property in a material, because 
moderation is as much a virtue in 
specifications as it is elsewhere. 
= ee, SM 
HE wire industry is centuries 
old, and tests for quality are 
practically as old as the industry. 
In the early days, rule of thumb 
methods of manufacture and test- 
ing were the only means at hand. 
In recent times, with our greater 
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knowledge of the properties of 
matter, we rely upon highly 
specialized equipment and _ well 
ordered technique to determine 
quickly and accurately these prop- 
erties and to evaluate the more 
useful of the rule of thumb tests. 
+ + + 


Fiaibsbsspren have been spent on 
slow, accurate research work 
which at the time probably had 
little practical value. It is only 
after laborious methods are short- 
ened and simplified so that they 
may be completed in minutes or 
hours that they become useful as 
tools in controlling quality. 
+ + + 


TEEL for wire is produced in 
relatively large batches or 
heats. The burden is lessened in 
the routine of testing to insure 
quality, if as much of this work 
as possible is applied to the control 
of large quantities. Whereas the 
routine complete chemical analysis 
of each coil of wire is not practical, 
such work on a heat of steel is not 
only practical but necessary. There 
is only a given amount of time, 
energy, and money available for. 
the important work of testing, and 
it obviously should be spent to the 
best advantage. In order that 
these efforts may not be wasted, 
standard procedures are written 
out and followed religiously. These 
procedures, or practices, are 
studied and revised so that over a 
period of years they become an 
integral part of the organization. 
The men in the various depart- 
ments are acquainted with the 
desirability of always following 
the prescribed routine and of 
honestly reporting conditions as 
they exist, and irregularities as 
they occur. Wherever possible, 
simply routine methods of testing 
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are conducted by the operating de- 
partments under the supervision of 
the testing department so that a 
good share of the time of the latter 
department may be divided be- 
tween perfecting the practice, de- 
veloping processes and products, 
locating and correcting trouble, 
and testing the finished products. 
++ + 
O products are static. In them 
the best qualities of the past 
are retained, and to them are con- 
tinually added improvements. 
These improvements may take 
many forms. They may be revolu- 
tionary. changes or slight refine- 
ments; they may come from within 
the plant or industry, or they may 
be transplanted from entirely dif- 
ferent industries; they may come 
from the use of new raw materials, 
or they may be the result of 
shorter or more accurate means of 
control. Testing is so intimately 
related to the product that it is 
difficult to separate one from the 
other. 
+ + + 
OUND wire, the simple, cylind- 
rical body of steel, has so 
many variables as to size, composi- 
tion, treatment, temper, and coat- 
ing that no one man or group of 
men can know much more about it 
than its most obvious points. 
++ + 
}T should be natural, then, that 
! those who have served longest 
in the industry are the most thirsty 
for knowledge regarding wire. It 
is natural, also, that those who 
strive to excel, even in a limited 
branch of the industry, have their 
minds continually open for ideas 
from every possible source. The 
X-ray, the spectroscope, the micro- 
scope, and many other instruments 
contribute to our knowledge of 
wire in such a manner as to con- 
vince us that for years to come 
progress will be made at an ever 
accelerating rate. 
++ + 
E “swap” ideas with our 
customers, with others in the 
industry, and with those who sup- 
ply us with materials and equip- 
ment. We make use of ideas as we 
find them or change them to fit our 
own conditions. We combine ideas, 


use inventive ability, and rely on 
common sense. We strive to reject 
quickly the useless and develop the 


useful. 
++ + 


HAT we think of as the last 
word today we recognize to- 
morrow as in need of revision. 
Practice and control procedure 
present an ever changing picture. 
These changes result from our in- 
creasing store of knowledge. 
Finally, we must be sure that each 
change we make is a step forward. 
Our methods for testing must be 
quick, accurate, and reliable; our 
equipment must be rugged; our 
findings must be conclusive. 
+ + + 
ESTING is a part of the man- 
ufacture of wire. Because the 
properties of the finished wire de- 
pend so largely upon the practice 


‘in the departments preceeding the 


wire mill, it seems logical in con- 
sidering tests to include as part of 
the production of wire those de- 
partments producing and rolling 
the steel. Also, since testing is 
used for the purpose of controlling 
quality, and since all controlling is 
either testing or the result of 
former testing, any control factor 
seems properly to come under the 
head of testing. 
+++ 
ARKING, stamping, tagging, 
and bookkeeping which are 
such necessary and integral parts 
of properly identifying the product 
from the ingot to the finished wire, 
while playing an important part in 
making the testing effective, quite 
possibly are not in themselves 


testing. 
++ + 


INCE there are countless uses 
for wire and wire products, it 
is obviously impossible in a paper 
of this kind to mention all of the 
tests and methods of testing used 
for controlling quality or meeting 
definite specifications. Perhaps 
the best manner of illustrating this 
would be to consider the routine 
involved in producing a single type 
of wire, say stapling wire, together 
with very brief statements regard- 
ing the reasons for each of the 
tests and then briefly mention 
some of the more common of the 
useful tests for wire in general. 





HE of the 


charge 


raw materials 
in the steel manu- 
facturing process are made or 


purchased to specification and 
chemically analyzed so that they 
can be properly proportioned into 
a charge that will melt properly. 
++ + 

HE fluxes and fuels are an- 

alyzed to make sure that they 
are efficient and that they do not 
contain elements which will con- 
taminate the steel. 


++ + 
HE furnace temperatures are 
pyrometrically controlled, 


partly to prolong the furnace life, 
but primarily to give the melter 
control of the final steel tempera- 
ture. 
+ + + 
HE furnace draft and atmos- 
phere are regulated as a part 
of the control of the carbon elimi- 
nation. 
++ + 
HE steel is sampled and tested 
for carbon at intervals to de- 
termine the carbon drop. 
+ + + 
HE slag is analyzed several 
times for iron oxide content 
during the melting period and ad- 
ditions made to control the slag 
properly. 
+ + + 
HE temperature of the steel is 
determined by several methods 
before the steel is tapped into the 
ladle. 
+++ 
RELIMINARY chemical an- 
alyses may be made on the 
steel before tapping. 
+++ 
“r-HE tapping and pouring temp- 
eratures of the steel are pyro- 
metrically controlled. 
+ + + 
HE ingots are reheated in soak- 
ing pits maintained at con- 
trolled temperatures prior to roll- 
ing. and the atmosphere of the 
soaking pits is controlled to avoid 
excessive scaling of the ingots. 
+ + + 
HE bloom, after leaving the 
blooming mill and_ before 
entering the billet mill, is held 
until the required finishing tem- 
perature is reached. 
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HE billets, prior to rolling into 
rods, are reheated in a furnace 
controlled as to atmosphere and 
temperature. 
+ + + 


“THE rod rolling is conducted so 

that the rods will leave the 
finishing stand at the proper temp- 
erature to have the desired surface, 
ductility, and grain size. 


+ + + 


HE rod scale is removed in an 
acid solution controlled as to 
temperature, acidity, and iron con- 
tent. The cleaned rods are sulled 
under carefully controlled condi- 
tions. 
++ + 


FTER sulling, the rods are 
coated in a lime solution 
having controlled concentration. 
+ + + 


HE rods are then baked a re- 
quired minimum time at a 
controlled temperature, and drawn 
through a series of definite size 
dies at specified speeds. 
+ + + 


HIS wire is then annealed on a 
controlled time and tempera- 
ture cycle selected to furnish wire 
of specified physical properties. 
+ + + 


FTER this wire has been re- 
cleaned, redrawn to the 
finished size, and bundled, it is 
ready for the final inspection prior 
to shipment. 
+ + + 


ITH all of the care that is 

taken along the line, not 
overlooking keeping the material 
continuously identified, it is more 
surprising than disappointing if 
the final product does not pass the 
tensile, bend, and torsion tests 
necessary to establish the suit- 
ability of its strength, stiffness, 
and toughness; characteristics for 
stapling wire. 


+ + + 


ERHAPS ‘the most useful 
single test made on wire is 
that of its tensile or ultimate 
strength. In this test a single wire 
is pulled apart in a machine de- 
signed for the purpose, and the 


force required to break the wire is 
usually used in computing the force 
that would be required to break a 
piece of the same material having 
a cross sectional area of one square 
inch. The square inch area figure 
is generally more useful than the 
breaking strength of the wire be- 
cause it is an index of the temper 
of the wire irrespective of its size 
or gage. The tensile strength of a 
wire, together with a knowledge of 
its chemical composition, is usually 
sufficient to identify the treatment 
it has received. 


+ + + 


THER determinations often 

made at the time the wire is 
pulled to destruction are its elastic 
limit, elongation, and reduction in 
area. Low elastic limit, high 
elongation, and high reduction in 
area are indications of toughness 
and ductility. 


+++ 


“THE bend test in which a wire 

is bent by applying a measured 
load midway between two suitably 
spaced supports upon which the 
wire rests is closely related to the 
tensile test. It is a test that can be 
applied quickly to a large number 
of samples as a measure of uni- 
formity. 

+ + + 


THER bend tests such as 

clamping the wire in a vise 
and noting the number of ninety 
degree bends it will withstand be- 
fore breaking are a measure of 
toughness. Variations of this test 
are the bend test for rope wire in 
which the top of the jaws of the 
vice are curved away from the wire 
and the bending means is power 
driven, the plier bend test in which 
pliers are substituted for the vice, 
and the bend test in general wire 
mill use in which a tightly closed 
loop of wire is repeatedly opened 
and closed until the wire breaks. 


++ + 


HE torsion test in which one 

or more wires are twisted to 

destruction while under a longitu- 

tinal load is also a test for tough- 

ness and uniformity for wire to be 

used under certain conditions 
where twisting is a factor. 


NOTHER torsion test in which 
-\a wire is given a twist or two 
and then untwisted is a reliable 
test for showing surface defects 
such, for example, as seams. The 
presence of laps or seams can also 
be detected by the nick and break 
test as well as by the deep etch test. 
++ + 


HE button test in which a sec- 

tion of wire approximately 

three diameters in length is cold 

forged to a length of one diameter 

will also bring out surface defects. 
+ + + 


HERE are a_ number of 

methods and machines for 

testing the hardness of wire, but 

time prevents going into detail on 
this phase of testing. 
+ + + 


THER tests for inherent grain 

size, hardenability, electrical 
conductivity, corrosion resistance, 
and the whole group of tests for 
wire coatings, if more than men- 
tioned, could not possibly be 
covered in a paper of this kind. 

~ + + 


INALLY, when you consider 
that the steel for wire may be 
made by any one of a number of 
processes such as the basic or acid 
electric furnace, basic or acid open 
hearth furnace, basic or acid Bes- 
semer, duplex, triplex, or other 
processes, it is evident that the 
tests required for one type may not 
be suitable for testing another 
type. 
+ + + 
HE results of even the same 
tests must be interpreted dif- 
ferently depending upon such 
factors as whether the wire is low 
carbon, medium carbon, or high 
carbon. Alloy steel wire, a com- 
parative newcomer in the wire 
field, presents an entirely new set 
of testing problems. 
+ + + 
COULD go on enumerating 
these variables for many pages, 
but these brief facts should indi- 
cate that a paper such as this on 
“Tests and Testing’ can not do 
more than touch on a very few of 
the high spots relating to the sub- 
ject. 
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Cold Heading Wire 


By L. D. Seymour, Metallurgist, Rod and Wire Dept., 
Youngstown Sheet & Tube Co., Youngstown, Ohio 





OLD Heading Wire, like num- 
erous other manufacturing 
materials, has developed with 
rapidity in keeping with the de- 
mands of the automotive industry. 
Such demands are typical of the 
trend of present day methods of 
utilizing raw materials to their 
fullest extent and reducing scrap 
losses to a minimum. 
+ + + 
ODERN engineering has cre- 
ated a demand for better 
materials. These materials must 
be capable of reducing production 
costs and must have superior phy- 
sical properties to withstand the 
abuse incident to their use in this 
high speed age. They must also 
possess those characteristics so 
essential to modern design, calling 
for reduction in weight without 
sacrifice of strength, toughness and 
long life. 
+ + + 
HE .08% to .11% carbon steel 
wire of several years ago does 
not entirely lend itself to the re- 
quirements of present-day difficult 
shapes and higher strength prod- 
ucts. However improved methods 
of steel making, developments in 
heat treatment and advanced tech- 
nique in the art of wire drawing 
have allowed the steel and wire 
manufacturers to keep pace with 
the demands of the trade. 
+ + + 
HE tonnage of wire for cold- 
heading purposes produced in 
this country is as great, if not 
greater, than any other single pro- 
duct in the entire field of wire 
manufacture. This important ton- 
nage is produced from basic open 
hearth steel, and its inherent char- 
acteristics have their origin in the 
steel making practice, hence it 
might be helpful to briefly discuss 
the various factors affecting these 
characteristics. 


This paper discusses principally the 
application of wire to cold heading, the 
mechanics of old heading and the 
effects of heat treatment on medium 
carbon wires for cold heading. Special 
emphasis is given to the inherent char- 
acteristics of open hearth practice, and 
a comparison of rimmed vs. killed steel. 
in addition, the use and treatment of 
the proper steel for medium carbon, cap 
screws will also be discussed. + + + 


N the basic open hearth process, 

as the molten metal is being 
refined, there is a considerable 
evolution of gas which is taken 
into solution by the steel. If no 
deoxidizing reagent be added to 
the steel, when the metal is poured 
into ingot molds, the free escape of 
the gases will produce an effer- 
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vescent action. In effervescing up 
through the metal, the gases keep 
it moving in a rolling action from 
the walls of the mould inward. The 
top of the ingot will solidify in suc- 
cessive rims, the wall of the ingot 
become thicker and the center part 
remains fluid until it reaches a 
pasty condition, finally freezing. 
Steel made by this process is re- 
ferred to as Rimmed Steel. The 
outside shell which solidifies dur- 
ing effervescence, due to the nature 
of solidification, is relatively pure 
and clean, being somewhat lower 
in carbon, sulphur and phosphorus 
than the center which was last to 
solidify. Rimmed Steel is conse- 
quently a product with a soft, 
thick skin and slightly harder, less 
pure interior or core. There are 
numerous applications wherein 
Rimmed Steel may be considered 
superior to other types of steel and 
a very large proportion of wire 
tonnage is made by this method. 
+ + + 


NSTEAD of pouring molten 
metal in the moulds-and allow- 
ing the free escape of the gases, 
it is possible to add before pouring, 
chemical elements whose affinity 
for these gases causes them to be 
eliminated or rendered inactive. 
Steel thus treated is termed Killed 
Steel. The resulting ingots of 
Killed Steel contain less segrega- 
tion of chemical elements but offer 
greater possibilities for piping and 
do not have the soft, thick skin so 
helpful in certain types of cold 
heading. 
+ + + 


OTH Rimmed and Killed Steel 
have their applications and 

one type should not be indiscrim- 
inately replaced with the other. It 
should be noted that in referring 
to Rimmed or Killed Steel only 
those grades with carbon less than 
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.25% are considered. Medium and 
high carbon steels, due to their in- 
crease in manganese and silicon 
contents, lose their effervescing 
action and are referred to as “Self- 
Killed” steels. 
+ + + 
HE processing of the steel from 
ingot to hot-rolled rod is done 
with the greatest of care in order 
to insure a surface as free from 
defects as possible. Proper soak- 
ine pit practice, good roll designing 
and pass arrangements allow the 
reduction of a sound ingot to a fin- 
ished billet. free from excessive 
surface defects. with an internal 
structure free from the dendritic 
ervstallization originally formed in 
the solidification of the ingot. The 
billets from which cold heading 
rods are rolled are carefully in- 
spected, minor defects are removed 
hy chipping, and billets showing 
deep seams or other serious defects 
are rejected. 
+ + + 
I~ VEN those in daily contact with 
the wire industry are not ant 
to annreciate the mechanics of cold 
headine, and for that reason the 
following remarks are introduced: 
+ + + 
IN cold heading a wire, there is 
produced distortion in the upset 
section, which is in direct propor- 
tion to the amount of stress apnlied 
and is not necessarily uniform 
throughout the head. The distri- 
bution of strain and the granular 
deformation are dependent upon 
several variables, the most import- 
ant of which are: 
a) Shape of upset section. 
b) Die desien. 
c) Proper die set-up. 
d) Physical make-up of material to be 
cold worked. 
HE first three items are sub- 
ject to very close control by 
the manufacturer, the last men- 
tioned being left to the steel and 
wire producer. It is one of the 
purposes of this paper to bring out 
the properties of steel and of wire 
which affect the quality of the ma- 
terial to be cold headed. 
+ + + 
N cold heading the amount of 
metal which can be upset and 
at the same time controlled in its 
movement, has a certain relation- 
ship to the diameter of the wire 
being upset. This length of wire 


varies, in certain instances, from 
the smallest up to a length equal 
to seven times the diameter of the 
wire. 
+ + + 

HE farther the metal has to be 

moved the more difficult it be- 
comes to control. Instead of try- 
ing to do it all in one blow, the 
more difficult heads are made in 





ITH the possible exception of 

the cemented carbide dies, 

one of the most marked develop- 
ments in the art of wire drawing 
has been the improvement in fin- 
ishes or coatings. Various types of 
finish have been developed due to 
the demands of the trade, to furn- 
ish wire with a lubricant for fur- 
ther die work, such as cold head- 





FIGURE 1 
Seams developed on twist testing Cold Heading Wire. + 2 


a series of blows. Machines have 
been developed which give as many 
as four blows, each blow doing a 
definite amount of upsetting and 
guiding so that the final blow 
completes the desired shape. 


+ + + 
URFACE defects have long been 
recognized as objectionable in 
wire for cold heading purposes and 
are undoubtedly the _ greatest 
source of cracks and splits in cold 
headed sections. Seams and laps 
cause the largest number of fail- 
ures, while small seams, scratches, 
cuide marks, ete., form points of 
stress concentration where rupture 
may occur as the deformation in- 
creases. The extent to which non- 
metallic inclusions affect the cold 
heading quality of wire is not fully 
known. Cracking in cold heading 
cannot be traced to inclusions ex- 
cept in abnormal cases. 


+ + 

HERE have pens many tests 

devised for this grade of wire 
for the purpose of finding surface 
imperfections not visible to the eye. 
It seems to be the consensus that 
the twist or torsion test, in which 
the wire is twisted a certain num- 
ber of times and then untwisted, is 
undoubtedly the test which most 
nearly approximates in sevevity 
the actual cold heading operation. 
See Figure 1. 
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ing, extrusion, etc. To try to dis- 
cuss in detail the numerous lubri- 
cants that are used in the develop- 
ment of wire finishes would be a 
subject of its own, hence we will 
merely try to bring out the salient 
points. Also, it would be impos- 
sible to lay down a hard and fast 
rule for finishes as they will vary 
considerably between mills and 
customers. 


+ + + 


| N cold heading, it is important. 
' that the wire be coated with a 
substance which will not allow the 
wire to gall the die and yet be thin 
enough and sufficiently hard not 
to ball-up in the die and thus pre- 
vent the blank from filling out. 


+ + + 


WE have developed two cold 

heading finishes which have 
been trade-marked “Nogald” and 
“Extrudo”, both being furnished 
bright or dull-coated. The essen- 
tial difference is in the amount of 
coating, the “Extrudo” having the 
much heavier coating, for severe 
extrusion work. Both of these fin- 
ishes are obtained by drawing 
through a dry mixture of lime, and 
two soap-like substances, the pro- 
portions being such as to give the 
desired finish. 
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N general, the amount of lime on 

the rods prior to drawing is of 
very great importance and can be 
determined by experience only. In 
cases where an especially bright 
finish, with little or no coating is 
desired, a lubricant using vege- 
table oils as a base is preferred. 
Lubricants with an animal or min- 
eral oil base have a tendency to 
build up the coating and leave a 
tacky finish. 





FIGURE 2 FULL 
Billet from heat of Rimmed 
Open Hearth Steel. +. + 


HERE is a growing tendency 

among cold heading manufac- 
turers to place considerable stress 
on heading die wear. Also, within 
recent years there has been evi- 
denced an increased interest in 
plasticity. The steel metallurgist 
in meeting the desire for economic 
die life and plasticity can only co- 
operate with the manufacturer in 
applying the proper grade of steel 
for the job and endeavor to strike 
a balance between these factors. 

+ + + 


Gl ease consideration of these 
problems, it would appear that 
perfection would have been reached 
were we able to produce steel which 
would be substantially unvarying 
under the influence of cold work. 
Unfortunately, while die life and 
good flowing properties may seem 
to be paramount to cold heading 
manufacturers, physical specifica- 
tions of the finished parts must 
also be considered. 


+ + + 


N the field of low carbon heading 
wire, the nearest approach to 
an ideal wire is obtained by the use 
of Rimmed Steel. This type of 
steel has the toughness and hard- 


Ammonium Persulfate Etch. + 


ness desirable to meet physical 
specifications, contained in a 
square core which gradually blends 
itself into a thick skin or outside 
rim of soft ductile iron which read- 
ily lends itself to plastic flow and 
reduces abrasive wear on heading 
dies. Compare figures 2 and 3. 
+ + + 

‘€2 the other hand, where speci- 

fications demand an increase 
in physical properties only attain- 





SIZE FIGURE 3 


Billet from heat of Killed Open 
Hearth Steel. . + 


able by heat treatment or where 
parts are to be surface hardened 
(carburized), it then becomes 
necessary to use a killed steel with 
increased amounts of carbon and 
other elements. 


+ + + 


\ ITH the application of higher 
carbon steels to obtain 
greater strength and hardness, it 
is essential to give the steel an an- 
neal or softening heat treatment 
prior to drawing into wire. Re- 
search on this material has shown 
that a uniformly coarse grain is 
most conducive to good cold head- 
ing properties and long die life. 


+ + + 


T was with the above facts in 
mind that our present bolt wire 
normalizing for medium carbon 
steels was developed. The word 
“normalizing” is a misnomer and 
may be misleading. Instead of the 
fine, dense grain of steel normal- 
ized at a temperature just above 
the critical range and air cooled, 
we have the coarse, open structure 
accomplished by annealing well 
above the critical range followed 
by a rather slow controlled cooling. 


HE development of this grade 

of steel has brought to light 
several important facts: 

First:—That the germinating temper- 

ature at which this coarse grain develop- 


ment is best accomplished is well above 
the critical range. 


Second:-—In order to obtain a_ uni- 
formly coarse grain, it is essential that 
the steel be sufficiently sensitive to re- 
spond to heat treatment. 


Third:—The hardening cold heading 
of this sensitive steel enables the hard- 
ness of the finished part to be held with- 
in closer limits. 


. ec? 


HE major portion of medium 

carbon wires are cold headed 
into cap screws for the automotive 
trade. In general, specifications 
call for an S. A. E. 1035 steel, heat 
treated to give rather high Brinell 
hardness and held within a rather 
restricted range. These cap 
screws are heat treated in continu- 
ous conveyor type furnaces and it 
has been the tendency on the part 
of the industry to require the steel 
mill metallurgist to furnish the 
steel to fit the heat treatment. The 
general practice is to oil quench 
cap screw sizes smaller than 7/16” 
(or sizes made from .366” wire or 
smaller) and water quench 7/16” 
and larger. 

+ + + 

HERE are several points to 

bear in mind in following a 
procedure as outlined above, name- 
lv, that both sensitive and insen- 
sitive steels, that is, coarse and 
fine grained as measured by the 
McQuaid-Ehn test, will, upon 
water quenching, produce very 
similar results. Steels of the coarse 
grained type are more liable to 
warp and crack than the fine grain- 
ed type. On the other hand, steels 
of the fine grained type may not 
properly harden in oil. These 
steels are sluggish and require a 
quenching medium that is drastic 
and hence are less liable to warp 
and crack. 

+ + + 


3 the cap screws manufacturer 
follows the general practice of 
arranging his heat treatments to 
cover either oil or water quenching, 
two grades of steel are required, 
as follows: 


A. For Oil Quenching 
B. For Water Quenching 
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For Oil Quenching 




















Grain by 
C Mn Ss P Si McQuaid-Ehn 
.32/.42 -70/.90 -050 045 15/.30 Coarse 
max. max. 








NY combination of carbon and 
manganese, the sum of which 
is within the range of 1.12 to 
1.32%, will usually give uniform 
and good hardness results when 


quenched in oil from the proper 
hardening temperature. This steel 
should not be used for water 
quenching. 














ini alas 
For Water Quenching 
Grain by 
Cc Mn Ss P Si McQuaid-Ehn 
271.37 -60/.80 -050 045 -15 max. Fine 
max. max. 




















NY combination of carbon and 
manganese, the sum of which 
is within the range .90 to 1.10, will 





FIGURE 4 
McQuaid-Ehn test on coarse grained steel referred 
to in Table 1. + oe = — 
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usually give proper physical prop- 
erties when water quenched. 


+ + + 
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MAGNIFICATION 100 X FIGURE 5 


Same steel in “normalized” condition. + 





FIGURE 6 


McQuaid-Ehn test on fine grained steel referred 
to in Table 1. Fe 


HE results obtained when these 

two grades of steel are given 
the same heat treatment can be 
seen by studying the photomicro- 
graphs (Figures 4 to 7 inclusive) 
and the physical results shown in 
Table I. 


MAGNIFICATION 100 X 


FIGURE 7 
Same steel in “normalized” condition. + 


N referring to the facts brought 

to light in our present “normal- 
izing” practice, it will be readily 
seen that only steels of the oil 
quenching type will respond to this 
treatment. The fine grained steels 
do not respond and the resulting 


structure produced does not lend 
itself as well to good cold heading. 
Compare figures 5 and 7. 


+ + + 


N order to overcome this latter 

difficulty, it becomes necessary 
to anneal or partially spheroidize 
(Figure 8) this type of steel in or- 
der to obtain heading properties 
comparable with the sensitive 
steels. This, however, offers a fur- 
ther complication, namely, that 
the divorced pearlite and carbide 
spheroids are most difficult to take 
into solution in heat treatment, 
thus retarding production, and in- 
creasing the hazards of scaling 
and decarburization. 





FIGURE 8 MAGNIFICATION 500 X 
Micro-structure of a 1035 steel, approximately 
75% spheroidized. aa 


AX ideal condition would be to 
have a single steel for all sizes. 

This steel would be a sensitive 
or coarse grained steel suitable for 
oil quenching. The use of oil 
quenching on this type of steel 
would give a cap screw with better 
and more uniform physical proper- 
ties. 


ae 


HERE is one other difficulty to 

be surmounted in producing a 
normalized S. A. E. 1035 wire, that 
is, decarburization. Decarburiza- 
tion, while a benefit to the heading 
operations, may cause the heat 
treater trouble, especially on cap 
screws with fine or S. A. E. threads. 
The steel mill metallurgist has 
been given a great deal of assist- 
ance by furnace builders. In mod- 
ern furnaces, equipped with means 
for controlling the composition of 
the atmosphere, it is possible to 
minimize this source of trouble 
(compare figures 9 and 10). 
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T has been the intent of this 

paper to bring out of the high 
lights in the manufacture and use 
of cold heading wire and to point 
out the technical effort which is 
being applied to foster cooperation 
between the steel supplier and the 
steel user, all with the object of 
lowering costs, increasing service 
life and producing the highest pos- 
sible quality. We are told that cold 
heading and other manufacturing 
lines using wire are only in their 
infancy. Steel mill control of qual- 
ity in cold heading wire, in the last 
several years, has advanced to a 
greater degree than for any other 
specialized grade of wire. We be- 
lieve that wire users appreciate 
this effort to serve their needs and 
assure them that wire producers 
will be alert to changing demands 
of the trade. 


+ + + 


N closing, the writer wishes to 

express his appreciation for the 
interest and stimulation given by 
the management of The Youngs- 
town Sheet and Tube Company in 
the preparation of this paper and 
to acknowledge the general assist- 
ance rendered by his colleagues in 
the Metallurgical Department and 
by Metallurgists for the cold head- 
ing manufacturers with whom it is 
our pleasure to do business. 


Table I gives a comparison of the physical properties of McQuaid-Ehn fine and 
coarse grained steels when quenched in oil from a furnace temperature of 1600° F. 


and drawn. 


(See figures 4 - 7 inclusive). 
TABLE I 





McQuaid-Ehn, Coarse (1 - 4) 


McQuaid-Ehn, Fine (6 - 8) 





Analysis 
C Mn Ss P Si 


Analysis 
6 Mn Ss P Si 





























37 75 028 «= -.014_—Ss«3 01.44 66 026 010 .18 
C + Mn = 1.12 C + Mn = 1.10 
, Ultimate Strength 95,720), Ultimate Strength 91,870 
st en in.) (# /sq. in.) 
Rockwell “B” Scale 95 |Rockwell “B” Scale 93 
DRAWN DRAWN 

Yield Point |Hardened| 900° | 1100° | 1300° | Hardened | 900° | 1100° | 1300° 
C#/sa- in) |__| 156,400) 125,000, 89,400 | — _| 121,200) 104,900) 88,700 
Prd ripe ey 185 000) 167,600) 136,300) 107, 800° 138,800) 134,600] 119,800) 101,400 
Rockwell“C” 46.5| 37.5) 285) 18.5 31 31} 22.5| 15 
"Brinell No. 477| 375, ~—«302| 235 285, 262) 248) 217 





, Ultimate strength on wire from normalized rod. 





control. 


FIGURE 9 


a + + + > trolled 


MAGNIFICATION 100 X 


Microstructure showing decarburization in an 
SAE 1035 normalized Rod, with no atmosphere 


Bs 


FIGURE 10 


Microstructure showing very slight decarburiza- 
tion in an SAE 1035 Rod, normalized in gas con- 
+ + 


atmosphere. + 
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Notes on the Use of Back Pull 
Wire Drawing 


in 





HE article on ‘Effect of Back- 
ward Pull Upon the Tension 
Required to Draw Wire’ by Pro- 
fessor F. C. Thompson and the 
pertinent comment by Kenneth B. 
Lewis which appeared in WIRE 
AND WIRE PRODUCTS early this 
year, have been particularly inter- 
esting. The subject matter and 
the data reported throw a great 
deal of light on the little under- 
stood mechanical action of the wire 
while at the point of reduction and 
suggest indirectly, that some 
method can eventually be found 
which will increase the efficiency 
of the draught and improve die 
life. 
+ + + 
EVERAL years ago, the author 
observed this effect of back 
pull, while collecting data on the 
force required for draughting cop- 
per. At that time there seemed to 
be no references in the literature 
pertaining to draughting, but an 
analagous application had already 
been made in sheet and strip roll- 
ing where a tension applied to the 
product was used to effect a re- 
duction in roll pressure. Because 
the immediate purpose of our in- 
vestigation was to determine a 
general formula for calculating 
horsepower requirements of cas- 
cade drawing machines, the study 
of this interesting phenomenon was 
not pursued to a conclusion, and it 
was not thought worth while to 
publish partial results. Now that 
experimental work is being done, as 
evidenced by Professor Thomp- 
son’s article, the interpretation, 
which we placed upon this incom- 
plete study may be of some value, 
since it differs somewhat in point 
of view, and may suggest another 


By Paul M. Mueller 


Engineer, Revere Copper & Brass, Inc. 


New York City 
The effect of Backpull is dis- 


cussed from the standpoint of 
the practical application of the 
principle to the wire drawing 
machine. Possible economies in 
the amount of power used and 
improvement in die life and 
maintenance costs are noted. 





line of departure to those now ac- 
tively interested. 


+ + + 


HEN work was started on the 
determination of a horsepow- 
er formula for cascade drawing, 
the mistaken inference was held, 
that all that was necessary was to 
tabulate the pull of the wire 
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through the die for all of the prac- 
tical combinations in the ranges of 
(1) Temper of the wire entering 
the die 
(2) Per cent reduction 
(3) Diameter of entering wire 
+ + + 
AVING such a tabulation, it 
would be possible to select 
the specific values appropriate to 
any given cascade sequence, multi- 
ply them by the respective wire 
velocities and per cent capstan 
slippage, and arrive at the energy 
required per minute in foot pounds. 
This data was collected by “single 
holing” through dies so set up as 
to register their pressure against 
an hydraulic cylinder and indicat- 
ing gage. 
+ + + 
EEDLESS to say, we immedi- 
ately discovered, when apply- 
ing such a formula in comparison 
with actual test conditions, that 
the calculated horsepower always 
exceeded the actual requirements, 
(as determined by wattage input 
to the driving motor) by a consid- 
erable margin; and we were hard 
put for a satisfactory explanation. 
There was definitely some factor 
in cascade drawing which did not 
exist in single holing, and which 
operated to save power. 
+ + + 
T about this time Mr. E. Strube 
(General Cable Corp.) who 
was making the determinations of 
single hole pull in the laboratory, 
was working with a wire sample 
which was quite kinky. To make 
this kinky wire enter the bell of 
the die truly, he hung a weight 
upon it and observed a surprising 
decrease in the pressure of the die 
against its seat. This chance ob- 
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servation was the answer to the 
discrepancy between our calculated 
and actual horsepower compari- 
sons, and when the effect of back 
pull was taken into consideration, 
it became possible to predict power 
requirement for cascade machines 
with a probable error of less than 


five per cent. 
+ + + 


HIS formula, as revised, proved 

of considerable value not only 
in the design of new equipment, 
but in suggesting possible revision 
of existing drawing machines, and 
changes in draught sequence—all 
of which could be expected to save 
power—and thus indirectly, a 
knowledge of the effect of back pull 
was a benefit. 

+ + + 

HAT there are direct benefits 

to be achieved with a more 
complete investigation of this phe- 
nomenon, the writer is quite con- 
vineed. As will be developed be- 
low, it should be possible to in- 
crease the efficiency of the draught 
and save power as a primary econ- 
omic advantage. Again, die life 
and the expense of die mainten- 
ance are probably closely tied in 
with the amount of energy wasted 
in friction between the wire and 
reducing surface of the die. In the 
same measure that improvement 
in surface quality of the drawn 
wire was noted with the more gen- 
eral use of minimum slip machines, 
so might a further improvement 
be obtained by a reduction of sur- 
face friction at the die. This is 
an important consideration for 
wire which is to be enameled. 
There is also the probability that 
the physical characteristics of the 
wire are affected by the heat de- 
veloped in the die. This effect may 
be negligible for speeds of draught- 
ing in vogue at present, but may 
become of importance in a few 
years as speed of finishing con- 
tinues to be improved. 

+ + + 
STATEMENT that the mod- 
ern die is an_ inefficient 

mechanism for reduction would be 
considered quite controversial. 
There has been a tremendous im- 
provement in die materials and 
finish with the advent of the hard 
matrix alloys, and the educational 
service, which the specialist com- 


panies have rendered the shop, has 
been very helpful. These two fac- 
tors have increased die life and re- 
duced maintenance costs to such 
an extent particularly in the draw- 
ing of steel wire, that it would be 
difficult to argue against the per- 
fection of the modern die. 
+ + + 

HERE is, however, a point to 

be raised in criticism, which 
can be justified, for it can be shown 
that the mechanical efficiency is 
low. This characteristic is inher- 
ent in the die, and has little to do 
with the materials of which it is 
made or the care with which it is 
fabricated. An appreciation of 
the fault, if it can be so called, may 
lead to correction and improve- 


HE total draughting force 
(curve A) can be resolved into 
its several components by calcula- 
tion and although the exact factors 
involved are imperfectly known, 
a general picture is derived from 
which the efficiency can be shown 
approximately. 
+ + + 
HE cold working resistance is 
determined directly from the 
known volume of metal displaced 
and its crushing strength. This 
is the curve C. It represents the 
unavoidable energy loss which 
must be expended on internal fric- 
tion within the metal. 
++ + 
HE parasitic forces whose 
values are the differences be- 
tween the A and C curves must be 
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N Fig. 1 a plot is shown of the 
force required to draw copper 
through a_ single die. Several 
values of drawing tension are de- 
termined for increasing reduction 
and the upper solid curve drawn 
through their points. When this 
curve is extended it does not enter 
the origin, but cuts the y axis at 
the ordinate 20 which seems to 
indicate that it is possible to ex- 
pend energy on a drawn wire with- 
out permanent reduction, and that 
wasteful forces are involved. 


tween copper and the die surface. 
+ + + 

HE friction in the bell or con- 

ical part of the die (B-C) must 

be zero at zero reduction and show 

an increase with reduction, inas- 

much as the area of contact of the 

copper in the cone becomes greater. 
+ + + 

HE land fraction (A-B) which 

‘ results from the elastic expan- 

sion of the copper in the cylindrical 

portion of the die contour, where 

no reduction occurs, is a maximum 

near the origin and becomes zero 


EIT SS ERAN ee a mera maaarmmmraemmees 


420 


WIRE 











I = 


Ne 


at the point where sucking begins, 
or, in other words, where the 
draughting pull at high reduction 
exceeds the tensile strength of the 
exit wire and it begins to neck 
down and draw small. 
+ + + 
HE curve B is drawn arbi- 
trarily as a straight line be- 
tween these two known zero points. 
(The only support for this assump- 
tion lies with some theoretical cal- 
culation using values of coefficient 
of friction which seem _ justifi- 
able). 
+ + + 
HE curve marked “efficiency” 
is determined by dividing the 
force component for cold work re- 
sistance C by the total draughting 
force A. Efficiency then repre- 
sents the ratio of the unavoidable 
losses of internal friction to the 
total losses in the ordinary die. 
+ + + 
T will be noted that the effici- 
ency under the best conditions 
at 50% reduction is only a little 
better than 50%; and at 20.6% 
(1 B & S) where most copper 
drawing is done, the figure for 
efficiency approximates 38%. 
Higher efficiencies than these can 
be obtained in the laboratory with 
special preparation, but the values 
plotted in Fig. 1 are representative 
of good average shop practice. 
From the engineers point of view 
such efficiencies are intolerably low, 
and justify the statement made 
above, that the ordinary die is in- 
herently a poor machine. 
+ + + 
F it were possible in any way to 
cut the losses due to parasitic 
die friction in half, it would be 
possible to save approximately 
30% of the power input to the 
draughting machine. In the case 
of the average break down ma- 
chine, which nowadays uses up- 
wards of 150 H. P., from 45 to 50 
H. P. might be taken from the 
power bill. In general a horse- 
power year is worth about $40.00 
and $40.00 « 45 H. P. = $1800.00 
a sizeable figyre for one machine 
in a year. 
+ + + 
Lt is often very illuminating to 
take the cost figures as furnish- 
ed by the Accounting Department, 
and treat some of the items such 


as power and die maintenance, as 
direct and variable charges, and 
not think of them as “fixed’’. 
+ + + 
HE parasitic frictional losses 
are due to high unit pressures 
of the copper against the die sur- 
face (35000-68000 lbs. per sq. in.) 
and the high value of coefficient of 
friction (generally 4 — .07-.08), 
due to faulty lubrication. 
+ + + 
HERE seems to be no immedi- 
ate practical solution for the 
correction of the lubrication prob- 
lem, but the force necessary to 
crush the wire can be very much 
reduced by applying the principle 
of back pull. 


N this conception the wire should 
not be thought of as sucking 
away from the die surface, but 
rather still filling the die bell com- 
pletely and in the incipient con- 
dition of readiness to leave the 
surface with a little more urging. 
Under such a condition the unit 
pressure between the wire and the 
die must be very low, and the 
parasitic friction negligible, which 
is the condition for maximum 
efficiency. 


+ + + 
HIS can be visualized quickly 
by arranging the jaws of a 


toolmaker’s clamp as shown in 
Figure II, and then drawing a thick 
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HEN any elastic material is 

stretched in tension, there is 
a corresponding reduction in its 
diameter. The transverse reduc- 
tion bears a constant relation to 
the elongation and is known as 
Poissons ratio. For copper the 
value usually found in physical 
tables is .35. As applied to wire 
drawing, loading the wire longi- 
tudinally is equivalent to crushing 
it laterally as in a die, and if cop- 
per were perfectly homogeneous 
it would be possible to effect a re- 
duction simply by stretching alone 
without ‘recourse to dies. Unfor- 
tunately this is not the case, but a 
sufficient approach to homogeneity 
does exist, that the major portion 
of the reduction can be made by 
stretching, leaving only a small 
balance of effort to be contributed 


by crushing forces in the die. 
+ + + 


[)ROFESSOR Thompson gives 
1 such an example in his paper, 
where it is mentioned that a 20% 
reduction was made on a highly 
stressed wire simply by pushing 
the die along with the fingers. The 
wire was nearly ready to fail in 
tension and the die merely added 
the “last straw which broke the 
camel’s back.” 


FielL 


rubber band through them, with 
and without a longitudinal ten- 
sion. 


+ + + 


ARLIER in these notes it was 
mentioned that “cascade” 
drawing was found to be somewhat 
more efficient than “single holeing”’ 
to the same degree of reduction. 
The reason for this lies in the in- 
creased die efficiency, which results 
from the back pull necessary to 
snub the wire on the capstan rolls. 


+ + + 


N the normal drawing machine 

there is little control over the 
amount of back pull, because it 
may only be varied in coarse steps 
by using 1, 2 or 3 wraps of the wire 
about the capstans. A better con- 
trol should be obtainable by alter- 
ing the usual design of machine. 
Such a design will be described and 
compared for efficiency against an 
equivalent normal type. 


+ + + 


T will be necessary to consider 

first the basic data for drawing 
with back pull. In Fig. III is 
shown a die reducing wire. 
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ENSION Tz: in the direction of 

draught is the force necessary 
to pull the wire through the die. 
Its reaction is the sum of two 
forces P and T;. P is the force 
with which the die itself presses 
against its seat on the drawing 
machine, and T; represents a back 
pull on the entering wire. If this 
back pull is zero, the die seat pres- 
sure P and the drawing tension T» 
are equal, and the power required 
for drawing is proportional to the 
product of the tension and the 
wire velocity. When, however, the 
back pull T, is gradually added to 
the system, the die seat pressure 
drops, the tension Ty» is increased, 
and the power required need not 
necessarily be proportional to ‘TT 
x velocity. 

+ + + 

HE relationship between the 

three vector quantities T:, P 
and T; is shown in Figure IV. Two 
examples only of a family of 
curves are shown, both for a single 
B & S reduction. The lower curve 
is for dead soft wire and the upper 
for very hard wire. The values of 
the force in tension are given in 
pounds per sq. in. of area of the 
exit diameter of the wire. These 
curves are similar in character to 
those illustrated in Professor 
Thompson’s article although the 
material in this case is copper. 

+ + + 


T will be noted (for the soft 

wire) that when T;, the back 
pull, is zero the die seat pressure 
is equal to T. the drawing tension 
and has a value of 21,000 lbs. per 
sq. in., but when the back pull has 
been increased to 30,000 Ibs. per 
sq. in., the drawing tension Ty, in- 
creases to’ 36,000 lbs., per sq. in. 
and the die seat pressure P re- 
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the tension T» alone is used to de- 
termine horsepower, the require- 


ment is increased in the ratio of 36 
to 21, which is disadvantageous; 
but if some means can be found to 
return the negative work done 


against the back pull T; to the sys- 
tem the power required will be re- 


e 


Case | - Normal Machine 


N this case the power required 
will be calculated, when reduc- 
ing .128” annealed copper to .064” 
in cascade through six dies, keep- 
ing the back pull at minimum value 
as in ordinary practice. In table 
1 the first column gives the die 
sequence used. Col. No. 4 shows 
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HIS can be most ciearly dem- wire work hardens. Col. No. 5 is 


onstrated by a comparison of 
two types of drawing machine, one 
a normal intermediate and the 
other a special design in which 
back pull may be controlled. Both 
operate at the same speeds and 
with the same die sequence. (In 
this calculation the whole family 
of curves is used similar to the two 


the die pull on a per square inch 
basis and has been determined 
from actual experiment. Column 6 
is the actual drafting tension and 
is the product of columns 2 and 6. 
Wire velocity (col. 7) is determin- 
ed from the finishing speed of 3500 
ft. per min. and the die areas of 
col. 2. Column 8, the power requir- 











duces to 6,000 Ibs. per sq. in. If examples in Figure IV). ed at each die is the product of col- 
Table I 
Col. 1 2 : 4 5 6 f 8 
Wire Area % Original Entering P Wire Ft. Pounds 
Size sq. in. Size Tensile Factor Die Press. Velocity Per Min. 
.128 01297 _ oa ey 0 875 0 
114 -01028 79.4 34000 21,000 216 1100 237,000 
-102 -00815 63 45000 26,000 212 1390 295,000 
.091 -00647 50 53000 29,500 191 1750 334,000 
081 -00513 39.5 58000 32,000 164 2200 361,000 
.072 -00407 31.3 61000 33,000 134 2780 373,000 
.064 -00322 25 63000 34,000 110 3500 385,000 
Total Power used at Dies — 1,985,000 
= 60 H. P. 
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umns 6 and 7, i.e., force times 
velocity. The total power is the 
summation of the individual items 
in column 8 and neglects entirely 
any slippage on the capstans, 
which in the usual case would be 
approximately 10%. 

The machine layout is shown 
diagramatically in Figure V. 


+ + + 


Case II Abnormal Machine 


EDUCING from .128” anneal- 

ed wire to .064” in one con- 
tinuous draft using 6 dies, keeping 
back pull at a value corresponding 
to 30,000 Ibs. per sq. in. of exit 
area of the respective die. 


+ + 4 


N this machine the capstan rolls 
(with one exception) are not 
positively driven as in Case I but 
are so arranged that they may only 
receive ‘a definite torque. This can 
be accomplished by introducing a 
slipping friction clutch at each sta- 
tion as in Figure VI, or each cap- 
stan shaft may be driven by a sep- 
arate constant torque motor of 
poor speed regulation. 


+ + + 


ASICALLY the normal ma- 
chine differs from the abnor- 
mal in that the second is driven at 
a predetermined torque, whereas 
the first is driven at a predeter- 
mined speed. 
2q 
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HIS predetermined torque as 

will appear later, is always 

less than the amount necessary to 

draw the wire through the preced- 

ing die and must be augmented by 

the back pull on the succeeding die 
to effect the draught. 


+ + + 


HE final or finishing capstan is 

normal and is driven at a fix- 

ed speed of 3500 ft./min. in the 
case noted. 


+ + + 


| N Fig. VII is shown the schemat- 

ic diagram of forces involved 
in the sequence using back pull. 
The vectorial quantities may all be 
derived from the family of curves 
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similar to figure IV. The amount 
of back pull chosen is arbitrarily 
set at a figure equivalent to 30,000 
lbs. per sq. in. of exit area, and the 
corresponding values of P and T» 
tabulated in table 1A. 
+ + + 
AKE for example die #3 in the 
diagram Fig. VII. The back 
pull is 194 lbs. in a left hand direc- 
tion, the die seat pressure P is 92 
lbs. also in a left hand direction, 
and balancing this summation the 
drawing tension T. is shown as 
286 lbs. in a right hand direction. 
The remaining dies are treated 
similarly. 
++ + 
T should now be noted that cap- 
stans 1 to 5 are subject to op- 
posing forces, the back pulls aiding 
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Table 1A 








Die Number 








1 2 3 4 5 6 
T, (Back pull in Ibs. actual) 0 245 194 154 122 97 
P (Die seat pressure) 216 : 93 92 82 5 60 
T, —T,+P 216 338 286 236 197 157 








the rotation and the drawing ten- 
sions resisting. The capstans need 
only supply a torque equivalent to 
the difference between any pair. 
For example, at capstan No. 2 the 
back pull from the succeeding die 
No. 3 is 194 lbs., the drawing ten- 
sion on the preceding die No. 2 is 
338 lbs., and the difference or re- 
sultant tension is 144 lbs. The 
friction drive to capstan No. 2 is 
set to slip at a torque correspond- 
ing to a pull of 144 lbs. at its 
periphery which, as mentioned 
above, is not sufficient to overcome 
the drawing tension except as it is 


Y this comparison Case II for 

the abnormal machine, shows 

a saving of 15 'H. P. under Case I. 

The normal machine requires 
3313% More power. 


+ + + 


HE rational explanation of this 

saving lies in the hypothesis 
that as the wire is stretched be- 
tween the forces of back pull and 
drawing tension, the resistance to 
crushing is reduced and the fric- 
tional loss from copper contact 
with the die surface tends to be 
eliminated. 


In the same degree 


the average shop. Finished sizes 
have to be changed too often to 
bother with dynamometer settings 
of capstan torque. This special 
design might be useful for the con- 
dition where a great deal of draw- 
ing is done to a single size and long 
runs are made, that is, for strand- 
ing. 


+ + + 


OR jobbing work, there is an- 
other way of using back pull, 
which eliminates such complica- 
tion, from which a worthwhile sav- 

















Table II es 

Size Area T, fi T, Resultant Wire Ft. Pounds 

Velocity Per Min. 
-128 -01297 875 

114 -01028 0 216 216 -29 1100 -32,000 
-102 -00815 245 93 338 144 1390 200,000 
091 -00647 194 92 286 132 1750 231,000 
-081 .00513 154 82 236 114 2200 251,000 
.072 .00407 122 75 197 100 2780 278,000 
064 -00322 97 60 157 157 3500 555,000 
Total Power Used At Dies 1,483,000 
= 45 H. P. 








augmented by the back pull. The 
remaining capstans are treated 
similarly and resultant figures 
noted on the diagram. 
++ + 
HE resultant figures are con- 
siderably less than the homo- 
logous values set down against 
each capstan for case I in Fig. V; 
and at capstan No. 1 the resultant 
vector is actually negative, which 
means that power is returned to 
the system at this point. 
++ + 
HE determination of power re- 
quired is shown by Table II 
which is similar to Table I for the 
normal machine. 
+ + + 
ERE again, as in the calcula- 
tion for the normal machine, 
no account is taken of power losses 
due to the slipping of the friction 
clutches. This is entirely analog- 
ous to the slipping of the wire on 
the capstans and doesn’t affect the 
comparative result. 


that frictional losses are lessened, 
it is conceivable that die wear and 
maintenance costs might be reduc- 
ed. 


> > + 


OW, all the preceding discus- 
sion is fairly theoretical and 
involved, and it is very doubtful 
whether such a complicated and 
specialized design of drawing 
equipment would be tolerated in 


ing in power may be had. In this 
method the die itself is used to 
produce its own back pull or more 
truly stated, the back pull which 
already exists in some_degree, is 
used to a greater extent. 


+ + + 
N order to make the conception 


clear consider the action of the 
wire in the die shown in Fig. VIII. 
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HE disk of copper in the region 

A must suffer a compressive 
force equal to its strength in com- 
pression. This force results in 
friction which resists further in- 
ward sliding. This frictional re- 
sistance is felt by Section B as a 
back ‘pull and in accordance with 
the principle previously explained, 
the crushing resistance is slightly 
reduced. The frictional resistance 
of Section B, then, is lessened, be- 
cause the copper is not pressed 
quite so intensely against the die 
surface. Section C is affected by 
the energy expended on Sections 
A and B; Section D by A, B, and C, 
and so on progressively, until at 
the land D the compressive force 
may be at a minimum if the per- 
cent reduction is sufficiently great. 


HERE is one experiment in the 

file of data on back pull, which 

illustrates the theory most graphi- 
cally. 


+ + + 


N annealed wire .0935 in diam- 
eter and with a _ tensile 
strength of 32,700 lbs. per sq. in. 
was single holed through a chilled 
iron die to size .0800. Without an- 
nealing it was again single holed to 
size .0715 with an exit temper of 
53,800 lbs/sq. in. The drawing 
tension at the first reduction was 
114 lbs. and at the second 106 lbs. 
Next, another portion of the .0935 
sample was drawn through the two 
dies in tandem as in Figure IX. 





|*: now, we consider dies A and 

B asa single die of large reduc- 
tion we can say that the reaction 
of the copper in the first half re- 
sulted in a more effcient draught 
in the second half, which was the 
point to be illustrated. 


+ + + 


O prove the principle in prac- 
tice two intermediate ma- 
chines of the same type were se- 
lected for ecmparative power tests. 
One was operated as usual with a 
uniform B & § reduction sequence 
and 10% slip, the other was revis- 
ed by changing the capstan diam- 
eters for a 10% slip when the die 
sequence changed by 144 B&S8 
gauge steps. The conditions at 
both machines were duplicated as 
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HEN this condition is over- N the second arrangement the nearly as possible, and both hard 


reached and too great a draft 
is taken, we arrive at the familiar 
condition of “sucking” where the 
wire actually leaves the surface of 
the die and draws small. 


+ + + 


ROM this example, one may 

conclude that when the degree 

of reduction is high, at least a por- 

tion of the die is drawing efficient- 

ly and a partial advantage gained. 

Reference to the efficiency curve, 
in Fig. I, confirms this. 


conditions at die A were identi- 
cal with single holing, but at die B 
the back pull from A reduced the 
die seat pressure, from 106 lbs. to 
55.5 lbs. 


+ + + 


HE power required for the 
, double reduction by single 
holing is proportional to (114 x 
1.00) + (106 x 1.25)—246.5. For 
the tandem reduction 169.5 x 1.25 
== 2120. The tandem reduction 
can be made with a saving of 15% 
of the total power. 


and annealed wire used as starting 
size. In Tables III and IV the pow- 
er analysis is made for the 6 die 
reduction by B & S gauges. Tables 
V and VI show the same data for 
the 4 die reduction by 14 B&S§S 
gauges. 


+ + + 


HE calculation in the tabula- 

tions is done according to the 
method developed with the horse- 
power formula mentioned at the 
beginning of these notes. 




















Table III 
.0808 Annealed to .0403—6 Die Sequence 
Ft. Min. 
Size Area % Red. % Orig. Ten. Str. Factor Draw Pull Drum Velocity Ft. Lbs. H.P. 
Per Min. 

-0808 OO54SS ns ee 100 34,000 
.0720 *.004067 20.6 79.4 46,000 19,000 Tice 559 43,200 1.309 
-0641 .003225 20.6 62.8 55,000 24,000 17.2 705 54,500 1.650 
.0571 .002561 20.6 49.9 58,000 27,000 69.0 893 61,600 1.870 
-0508 -002029 20.6 39.7 61,000 28,500 57.8 1122 65,000 1.965 
-0453 .001609 20.6 31.3 63,000 29,500 47.5 1417 67,300 2.040 
-0403 .001276 20.6 24.9 65,000 30,000 38.2 1624 62,000 1.882 

Total H. P. Used at the Capstans 10.716 
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Table IV 
-0808 Hard to .0403-6 Die Sequence. Ft. Lbs. 
Size Area % Red. % Orig. Ten. Str. Factor Draw Pull Drum Velocity Per Min. H.P 
-0808 .005128 100 64,000 
.0720 -004067 20.6 79.4 64,000 30,500 124.3 559 69,600 2.100 
-0641 -003225 20.6 62.8 64,000 30,500 98.5 705 69,500 2.100 
0571 002561 20.6 49.9 64,000 30,500 78.0 893 69,700 2.110 
0508 002029 20.6 39.7 64,000 30,500 61.8 1122 69,400 2.102 
0453 .001609 20.6 31.3 64,000 30,500 49.0 1417 69,500 2.108 
0403 001276 20.6 24.9 64,000 30,500 39.0 1624 63,500 1.920 
“a Total H. P. Used at the Capstans 12.44 
Table V 
.0808 Annealed to .0403-4 Die Seauence 
Size Area % Red. % Orig. Ten. Str. Factor Draw Pull Drum Velocity Ft. Lbs. HP. 
oar ‘i pig: Per Min. 
0808 005128 100 34,000 
-0679 -003621 29.5 70.5 50,000 24,000 86.8 628 54,500 1.653 
-0571 .002561 29.2 419.9 57,500 31,500 80.6 893 71,200 2.180 
-0480 -001810 29.3 35.5 62,500 35,000 63.3 1270 80,500 2.440 
-0403 -001276 29.6 24.9 65,000 37,000 47.2 1624 76,700 2.320 
Total H. P. Used at the Capstans 8.593 
Table VI 
-0308 Hard to .0403-4 Die Sequence 
Size Area % Red. % Orig. Ten. Str. Factor Draw Pull Drum Velocity Ft. Lbs. cP. 
i Per Min. 
-0808 -005128 : 100 64,000 
-0679 -003621 29.5 70.5 64,000 37,000 134.0 628 84,200 2.55 
-0571 -002561 29.2 49.9 64,000 37,000 97.4 893 87,000 2.64 
-0480 -001810 29.3 35.5 64,000 37,000 67.0 1270 85,000 2.58 
-0403 -001276 29.6 24.9 64,000 37,000 47.3 1624 77,000 2.33 
Total H. P. Used at the Capstans 10.10 








HE capstan horsepower (which 
neglects machine friction and 
motor losses) for Table V is less 
than that of Table III by 2.12, a 
saving of 20%. For the hard wire, 
Tables IV and VI, the differential 
is 2.34 H. P., a saving of 19%. 
+ + + 
HE abnormal machine was run 
for a considerable period in 
regular production and no difficul- 
ty experienced which would indi- 
cate that the higher reduction was 
in any way detrimental under prac- 
tical operating conditions. 
+ + + 
HIS method of drawing is bas- 
ed on the hypothesis that the 
back pull self-generated within 
each die reduces the crushing re- 
sistance of a part of the copper at 
the point of reduction, and im- 
proves the efficiency by lessening 
the parasitic friction. Another 
factor which contributes its share 


is the reduced number of dies and 


the corresponding reduction in 
number of lands which always add 
parasitic friction without con- 
tributing to the reduction. 
+ + + 
Summary 
UMMARIZING briefly the fore- 


going. 

(1) Back pull is an important factor 
in wire drawing and should be investi- 
gated thoroughly. 

(2) It must be taken into consider- 
ation in the analysis of power require- 
ments for cascade drawing. 

(3) Its affect is to reduce the pres- 
sure with which the metal may _ be 
crushed to a new size, thereby lowering 
parasitic friction and improving inher- 
ently low die efficiency. 

(4) A specific design of drawing ma- 
chine controlling the degree of back pull, 
shows a possible power saving of 25%. 

(5) A revised design of a normal ma- 
chine vsing larger reductions shows a 
power saving of 19%. 

(6) It is conceivable that the partial 
elimination of friction in the die will im- 


prove die life and maintenance costs, 
and, through reduction in unit bearing 
pressure, permit the use of: new lubricat- 
ing means which are not at present per- 
missible. 
+ + + 
T is regretted that these notes 
are based on an_ incomplete 
study of this phenomenon. A num- 
ber of inconsistencies in quantita- 
tive values will be found upon close 
examination, which are excusable 
only from the standpoint that the 
data as presented illustrates a 
principle which is of some import- 
ance to wire drawers, and may pro- 
voke further detailed investiga- 
tion. 
+ + + 
HANKS are due to Messrs. E. 
Strube and G. W. Pirk, who 
conducted the laboratory tests and 
to Mr. O. M. Davis (all of General 
Cable Corp.) who correlated their 
results with the experiments in the 
shop. 
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All Wire Mill Men Are Invited to Attend 
The Wire Association 


1935 Meeting and Exhibition 


At Chicago, IIl., September 30; Oct. |, 2, 3, 4, 1935 
In Association With the National Metal Congress 


PROGRAM COMMITTEE 


John C. Callaghan, Works Manager, Canada Works, 
Steel Company of Canada, Ltd., Hamilton, Ont. Canada, Chairman 


E. W. Clark, Mechanical Engineer, Wire and Cable Section, J. Carlton Ward, Jr., Asst. to President, 
General Electric Co., Schenectady, N. Y. United Aircraft Corp., Hartford, Conn. 
L. D. Granger, Asst. to Vice President, H. W. Anderson, President, 
Wickwire Spencer Steel Co., New York, N. Y. Fidelity Machine Co., Philadelphia, Pa. 
+ + + 


HE Wire Association serves as a technical society interested in the purely technical problems concerning 
the wire industry. The membership includes: 


1. Manufacturers of wire, rod, strip, cold drawn shapes and tubing. 
2. Users of wire—Manufacturers and fabricators of wire products. 
3. Manufacturers of machinery and supplies pertinent to the wire industry. 


++ + 


N addition to the program of research papers set forth, a splendid opportunity is offered to discuss informally, rou- 

tine problems and to exchange opinions and ideas regarding equipment and processes used in the industry. For this 
purpose informal gatherings are held at Wire Association Headquarters in the Hotel Congress which are open from 9 
A. M. to 11 P. M., during the convention. 


+ + + 


OR the first time one entire session will be devoted to open discussions of the joint problems of users of 
wire and the manufacturers of wire who supply them. It is expected that an interesting meeting cover- 
ing many practical problems common to both will result. . 


++ + 


Every wire mill production executive engaged in the manufacture or fabrication of wire and wire products of 
any kind is invited to join the Wire Association and attend these meetings. 


— + 2 


REDUCED RATE RETURN TRIP RAILROAD CERTIFICATES 
FURNISHED TO MEMBERS OF THE ASSOCIATION 


Make Your Plans Now to Come and Participate in the Discussions. 


For detailed information address RICHARD E. BROWN, Secretary 
THE WIRE ASSOCIATION 
17 East 42nd St. New York, N. Y. 
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« PROGRAM « 


Monday, September 30, 1935 at Hotel Congress 
A. M.—Registration—“Get Together” 
P. M.—Directors’ Meeting—Program Committee Meeting 
Annual Meeting of The Wire Association 


+ 


+ 


The Technical Sessions 


TUESDAY, WEDNESDAY AND THURSDAY, OCTOBER 1-2-3, 1935 


(All Research Papers Are Printed in the September Issue of Wire and Wire Products) 





THERE WILL BE A REGISTRATION FEE OF $5.00 FOR THOSE ATTENDING THESE TECHNICAL SESSIONS AND 
INFORMAL MEETINGS 


ADMISSION WILL BE BY BADGE ONLY 








To Those Registering and Attending the Meetings 
stenographic copies of the discussions will be available 
at $2.50 per copy. 

To all others $5.00 per copy. 





The Following Papers Will Be Presented and Open Discussions Held on The Topics Covered 


A LIST OF QUESTIONS SUBMITTED FOR DISCUSSION ON THESE AND OTHER 
TOPICS WILL BE DISTRIBUTED IN ADVANCE OF EACH MEETING 
TUESDAY, OCTOBER 1, 1935 
Morning Session—Hotel Congress—9:30 A. M. 

Subjects—(a) Acid Cleaning (b) Material Handling of Rod and Wire 


John A. Moritz, General Superintendent, 
Mid-States Steel & Wire Co., Crawfordsville, Ind. 
Chairman of Meeting 


Paper :—Acid Cleaning and Material Handling of Rods and Wire 


By Frederick A. Westphal, Superintendent, Wire Mill 
Sheffield Steel Company, Kansas City, Mo. 


A discussion of the factors controlling the proper cleaning 
and pickling of rod and wire combined with more efficient 


+. 


methods of handling the material throughout the plant. 


+ 


Paper:—Modern Acid Handling Methods Lower Pickling Costs 
By J. R. Hoover, Assistant Manager, Chemical Sales Division 
The B. F. Goodrich Co., Akron, Ohio 


An entirely new point of view has been developing in recent 
years with respect to methods of handling acid in the pickl- 
ing of steel. It is gradually being recognized that acid leak- 
age, hazardous working conditions and frequent shutdowns 
for repair can and should be eliminated to the point where 


COTO 


pickling reaches a degree of efficiency comparable to that 
of other steel mill operations. Some of the improvements 
in equipment and methods which are responsible for this 
new point of view will be described, with emphasis upon 
lower cost per ton of pickled steel. 
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AFTERNOON SESSION—HOTEL CONGRESS—2 P. M. 
Subjects—(a) Copper Wire (b) Electrolytic Copper (c) Dies 


Paul R. Fast, Plant Superintendent, 
Belden Manufacturing Company, Chicago, IIl. 
Chairman of Meeting 


Paper :—Hard and Soft Copper Wire 
By Rudolph A. Schatzel, Superintendent, General Research Laboratories 
General Cable Corp., Rome, N. Y. 


TENTATIVE OUTLINE 


I. General Principles. II. Applications of Principles to Practice 
eae a: Pee . . Wire Bar—Interpretation of Micrographs of Struc- 
1. Casting and Recrystallization from Molten Bath. bunieniAaiiie Silatetebtion. 
2. Hot Working—Recrystallization—Eutectic Distribu- 2. Hot Rolled Rod—Structure and Refinement of Crys- 
tion. tal size. 
Sees ss poke . ~ ee 3. Cold Drawing—Fibring—Slip Planes—Uniformity of 
3. Cold Working—Drawing—Rolling—Effect on Grain pee ae ea : é ; 2 
Size; Mechanics of Slip; Effect on Physical Proper- = a Throughout Cross-Section—Hardening Ef- 
Peta ect of Drawing Schedule on Grain Size. 


4. Cold Rolling—Brief Mention Only. 
4. Annealing—Definition. Effect of Cold Working on . Annealing—Recrystallization; Direction of Working; 
Temperature; Effect of Impurities; Effect of Temp- Effect of Annealing and Drawing Schedules on 
erature on Grain Size. Grain Size. 


Paper :—Notes on the Use of Back Pull in Wire Drawing 
Paul M. Mueller, Engineer, 
Revere Copper & Brass, Inc., New York, N. Y. 


A thesis on a little understood mechanical action of the wire terpretation which he has placed upon this study may be of 
while at the point of reduction and a study to determine a some value since it differs somewhat in point of view and 
general formula for calculating horsepower requirements of may suggest another line of departure to those actively in- 
cascade drawing .machines. The author states that the in- terested. 

- = + 


Discussion :—Electrolytic Copper 


WEDNESDAY, OCTOBER 2, 1935 
Morning Session—Hotel Congress—9:30 A. M. 
Subject :—Grain Size Influence on the Manufacture of Steel Wire 
John C. Callaghan, Works Manager, Canada Works, 


Steel Company of Canada, Ltd., Hamilton, Ont., Canada 
Chairman of Meeting 


Paper :—Grain Size and Its Influence on the Manufacture of Steel Wire 


By B. L. McCarthy, Metallurgist 
Wickwire-Spencer Steel Co., Buffalo, N. Y. 


a 


Material for this paper is the result of an exhaustive study is broad enough to cover both the Austenitic Grain Size 
(which is the Grain Size considered when the terms Inherent 
or McQuaid-Ehn are used) as well as the actual Grain Size, 
while embracing the Inherent or McQuaid-Ehn Grain Size, which is the product of hot rolling, patenting, annealing, etc. 


made by the Wickwire-Spencer Steel Company. This paper, 
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AFTERNOON SESSION—HOTEL CONGRESS—2 P. M. 


Subject :—Grain Size Influence on the Manufacture of Copper Wire 


E. W. Clark, Mechanical Engineer, Wire & Cable Section, 
General Electric Co., Schenectady, N. Y. 
Chairman of Meeting 
Paper:—The Effect on the Physical Properties of Bending Copper Wire of Different Grain Sizes. 
By L. B. Barker, Works Laboratories and C. A. Bailey, 
in Charge of Wire Dept. Section, Works Laboratories, 
General Electric Company, Schenectady, N. Y. 


Dr. Barker has been spending all of his time for the past that there is a distinct relation between grain size, Rockwell 
six months on copper investigation in direct connection with hardness, resistance to bending, or so called springiness, and 
manufacture. Mr. Bailey has been making laboratory tests that there is not nearly as close a relationship between these 
and developing means for testing the materials in conjunc- things and elongation and tensile strength as has been 
tion with Dr. Barker. The results of the work so far indicate usually supposed. 

+ + + 


EVENING—-HOTEL CONGRESS—8 P. M. 


Informal Dinner of The Wire Association 


Address :—“‘Industrial Relations as Applied to the Wire Industry” 
By E. W. Kempton, Director of Industrial Relations 
American Steel & Wire Co., Cleveland, Ohio 


+ + + 
Award of The Wire Association Medal 
+ + + 


DINNER COMMITTEE 


R. L. Hamaker, Eastern Sales Manager Walter A. Richards, Chicago, III. A. R. Zapp, Manager Firthaloy Division 
American Lime & Stone Co. Chairman Firth-Sterling Steel Co. 
New York, N. Y. McKeesport, Pa. 
+ + + 


THURSDAY, OCTOBER 3, 1935 
Morning Session—Hotel Congress—9:30 A. M. 
Subjects:—(a) Cold Heading Wire (b) Tests and Testing 
R. S. Simmons, Chief of Met. and Insp. Depts., 


Pittsburg Steel Company, Monessen, Pa 
Chairman of Meeting 


Paper :—“Cold Heading Wire” 


By Leroy D. Seymour, Metallurgist, Rod and Wire Dept., 
Youngstown Sheet & Tube Co., Youngstown, Ohio 


This paper discusses principally the application of wire to oper hearth practice, and a comparison of rimmed vs. killed 
cold heading, the mechanics of cold heading and the effects steel. In addition, the use and treatment of the proper steel 
of heat treatment on medium carbon wires for cold heading. for medium carbon, cap screws will also be discussed. 


Special emphasis is given to the inherent characteristics of 
2 > + 
Paper:—“Tests and Testing” 


By C. A. Kellogg, Metallurgist 
Continental Steel Corp., Kokomo, Ind. 


A paper covering a very broad subject without going into too much detail, and pointing out some of the problems con- 
nected with wire tests and testing. 



































THURSDAY, 
OCT. 3, 1935 


AFTERNOON SESSION— 


HOTEL CONGRESS—2 P. M. 


Subject: Customer Relations 
L. D. GRANGER 


Assistant to Vice-President, 
Wickwire Spencer Steel Co., 
New York, N. Y. 


CHAIRMAN OF MEETING 


Address 


Save On Wire By Proper 
Ordering 
By 
KENNETH MURRAY 
Wire Sales Division 


Republic Steel Corp. 
Chicago, Ill. 


+ + + 


This session to be devoted to open 
discussions of the joint problems 
of the users of wire, manufacturers 
and fabricators of wire products 
and the manufacturers of wire who 
supply them: 


Admission to this session 
only by card 
furnished by members of 
the Wire Association 


or by Registration Badge. 


+ + + 


It Will Pay You 
To Attend These Meetings 
and Visit 
The 
National Metal 
Exposition! 
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“CONTINENTAL 


ONI 


@ The durability of metal parts, such as tire chains, that are subjected to hard 
wear and abrasion can be improved by making them of KONIK. This new 
metal, developed by Continental, possesses remarkable wear and abrasion 
resisting qualities, 

KONIK Metal is unusually adapted for case-hardening. It will not only 
take a deeper case than straight carbon steels, but after case-hardening, it is 
specially amenable to heat-treatment for strength, resistance to abrasion, and 
many other purposes. KONIK steel resists atmospheric corrosion far better 
than ordinary steel, although it is not a stainless steel. Remarkable results 
have been obtained in many applications. Write for details. 











METAL 





KONIK Metal is a high grade 
open hearth steel containing 
copper, nickel and chromium. 
It is tough, ductile and strong, 
easily workable, and is adapt- 
able to special treatments and 
finishes. Made in wire, rod and 
sheet forms. 


CONTINENTAL STEEL CORPORATION 


KOKOMO, INDIANA 


Billets, Rods, Wire, Barbed Wire, Nails; Lawn, Chain-Link, Diamond 


Mesh, Farm and Poultry Fence; Gates; Black, Galvanized, Galvannealed 


MaChinilsiieemels 


and Special Coated Sheets; Galvanized Roofing; also ‘Seal of Quality’’ Roofing and Kindred Products. 
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Exports and Imports of Wire 





Exports of Iron and Steel Wire Products in June, 1935 and June, 1934. 
(In gross tons) 








June May June 
1935 1935 1934 
Wire rods : 2,368 1,150 2,539 
Hoops, bands and strip. steel 3,173 8,508 2,944 
Plain black or galvanized iron or steel wire 4,364 3,055 3,249 
Barbed w.re and woven wire fencing 2,712 2,122 3,815 
Woven wire screen cloth 119 83 82 
Wire rope , 414 296 240 
Insulated iron or steel wire and cable—see analysis below 
Other wire and manufactures 35 364 574 
Wire nails 644 688 1,578 
Tacks ‘ 40 29 35 
Other nails, including staples 160 212 436 
Bolts, machine screws, nuts, rivets and washers 430 595 386 
Total, these 11 classifications 14,759 12,102 15,878 





Imports of Iron and Steel Wire Products Into the United States. 
(In gross tons) 





Concrete reinforcement bars 
Hollow bars and drill steel 
Merchant steel bars 

Wire rods 

Barbed wire 

Round iron and steel wire 
Telephone and telegraph wire 
Flat wire and strip steel 
Wire rope and strand 
Other wire 

Hoops and bands 

Nails, tacks and staples 
Bolts, nuts and rivets 


Total, these 13 classifications 





324 843 1,881 
722 1,750 1,377 
2,344 1,900 880 
488 388 228 
4 6 ‘ 

97 134 125 
123 98 120 
AC 57 163 
2,517 2,276 1,669 
1,542 1,441 873 
56 37 12 
8,623 9,212 7,468 








HE 289,687 gross tons of iron 

and steel products shipped 
from the United States during 
June set a modern record for that 
month, and for the first time over 
the past 5 years exceeded the May 
volume, gaining some 3,000 tons. 
Invariably, the tendency in the 
past has been for June shipments 
to drop considerably below the May 
total (by 10 to 20 percent). An- 
other encouraging aspect was 
added in light of the fact that June, 
1929 shipments were exceeded by 


some 10 percent. 
+ + + 


Exports 

MERICAN iron and steel pro- 

ducts shipped during June 
found their chief outlets in the Far 
East, as has been customary over 
a considerable length of time, this 
area taking 57.5 percent of the 
aggregate amount shipped. Europe 
ranked next with a 22 percent pro- 
portion, followed by North and 
Central America and the West 
Indies accounting for 13.9 percent. 
South America was the next area 
of importance with participation to 
the extent of 5.9 percent, while 
Africa with a share of seven- 


tenths percent was the market of 
least importance. Shipments over 
the initial 6-month period of this 
year—1,595,934 tons—have been 
distributed as follows: Far East, 
55.5 percent, Europe, 24 percent, 
North and Central America and 
West Indies, 14.4 percent, South 
America, 6 percent, and Africa, 
slightly over 1 percent. 
+ + + 

APAN continued in June to ab- 
] sorb the larger proportion of 
the shipments with an aggregate 
of 150,553 made up chiefly of iron 
and steel scrap, 139,955, tin plate 
scrap, 2,688, waste-waste tin plate, 
2,467, ingots, blooms, etc., 1,687 
tons, wire rods, 1,267, heavy rails, 
730, and tin plate and taggers’ tin, 
683. Italy’s total of 27,720 tons, of 
which iron and steel scrap 26,271, 
black steel sheets, 881, and tin 
plate and taggers’ tin, 522, were 
predominant, placed that country 
second in importance, while follow- 
ing came the United Kingdom with 
an aggregate of 23,413 tons com- 
posed principally of iron and steel 
scrap, 22,825, and black steel 
sheets, 286. Canada with a wide 
trade involving 22,374 tons was 





next, the chief items of its trade 
including iron and _ steel scrap, 
7,664; black steel sheets, 4,191; 
plain shapes, 1,831; steel bars, 
1,426; cold rolled strip steel, 1,280; 
and hot rolled strip steel, 1,157. 
Mexico with a varied trade aggre- 
gating 8,826 tons was the fifth 
market, the chief product moving 
in this trade embracing iron and 
steel scrap, 2,990, black steel 
sheets, 1,688; galvanized steel 
sheet, 563; barbed wire, 548; black 
steel welded pipe, 526; and tin 
plate and taggers’ tin, 518. The 
purchases of Poland and Danzig— 
the sixth market—were confined 
solely to 5,491 tons of iron and 
steel scrap. 
+ + + 
Imports 
HE 32,208-ton June import 
trade of the United States in 
iron and steel products recorded a 
sharp 30.4 percent decline when 
compared with the May total, and 
was some 33 percent more than 
receipts during the corresponding 
month of last year. Increased 
shipments were received in 18 
classifications during June as 
against diminished receipts in 14, 
while in 5 items no trade whatever 
occurred during the two months 
under review. The more precipit- 
ous drops occurred in pig iron 
which recorded a decline of 16,591 
tons (72 percent), in itself suffici- 
ent to turn the import trend down- 
ward, wire rods, 1,028 tons, and 
bars, whether solid or hollow, 707 
tons. Substantial increases were 
registered in ‘other pipe’, 1,837 
tons; scrap, 1,594 tons; structural 
shapes, 708 tons; and sheets, skelp, 
and saw plate, 664 tons. 
+ + + 
EVENTEEN foreign suppliers 
participated in the June iron 
and steel import trade of the 
United States, of which 10 ac- 
counted for 1,000 gross tons or 
more, individually. Germany was 
the leading source of the import 
trade during this month, account- 
ing for 5,592 tons of -the total re- 
ceipts. Its participation consisted 
chiefly of barbed wire, 2,281 tons; 
‘other pipe’, 2,059; nails, tacks, and 


staples, 1,333; ferromanganese and 


‘spiegeleisen, 630; sheets, skelp, and 


saw plate, 599; and bars, whether 
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solid or hollow, 340. Belgium was 
the next supplier of importance, its 
share of 7,010 tons taking in for 
the most part structural shapes, 
2,615; ‘other’ hoops, 1,826; bars, 
whether solid or hollow, 753; 
sheets, skelp and saw plate, 635; 
and concrete reinforcement bars, 
300. Canada ranked next with 
4,413 tons chiefly including scrap, 
2,411; ferromanganese and _ spie- 
geleisen, 1,374; and pig iron, 368. 
British Indian participation—the 
next supplier of importance—was 
limited to 2,952 tons of pig iron, 
followed by Venezuela with a total 
of 2,200 tons confined to structural 
shapes, 1,200, and ‘other’ pipe, 
1,000. The United Kingdom 
ranked sixth with total shipments 
amounting to 1,735 tons, made up 
principally of pig iron, 1,050 
‘other’ hoops and bands, 225; fer- 
romanganese and spiegeleisen, 199; 
and round iron or steel wire, 99. 
++ + 
HERE were diminished receiv- 
ings of card clothing, the 11,- 
682 square feet valued at $16,699 
decreasing 4,826 square feet and 
$6,070 from the May trade. The 
United Kingdom, 11,353 square 
feet valued at $15,623, and Ger- 
many, 503 square feet valued at 
$1,076, were the only sources of 
supply during June. 
+++ 
IRE cloth and screening re- 
ceipts continued to drop, the 
June trade of 56,917 square feet 
recording a decrease of 1,635 
square feet from last month, the 
chief suppliers including Germany, 
23,355 square feet, Canada, 15,082; 
France, 11,568; and the Nether- 
lands, 6,812. 


++ + 
OURDRINIER and other paper- 
making wire receipts regis- 
tered a slight increase of 2,312 
square feet over the May trade, the 
aggregate of 25,759 square feet 
coming from Germany, 18,676, 
Austria; 3,022; France, 2,401; and 
Sweden, 1,660. 
Oe! 
HE 1,617,000-piece trade in 
wire heddlés represented a 
marked gain of 998,000 pieces over 
the May take, and was received 
from France, 1,336 pieces; Ger- 
many, 181; and Japan, 100. 
+++ 
ECEIPTS of wire fencing and 
netting, galvanized before 
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weaving, continued to diminish 
during June, the total imports of 
394,705 square feet recording a 
marked decline of 141,245 square 
feet under the May total. This 
amount was supplied by the 
Netherlands, 245,605 square feet, 
the United Kingdom, 134,900, and 
Germany, 14,200. Wire fencing 
and netting, galvanized after weav- 
ing, was received to the extent of 
925,990 square feet to rise sub- 
stantially over the May total of 
700,990 square feet. This trade 
was divided among Belgium, 615,- 


500 square feet, the United King- 
dom, 217,420, and the Netherlands, 
93,070. 


(Please turn to page 451) 





Reels And Spools 
Standardization 


Reprints of the report of this com- 
mittee as published in the Novem- 
ber, 1934, issue of WIRE & WIRE 
PRODUCTS, outlining the proposed 
new standards for reels and spools 
for insulated wire and cable can be 
obtained for 25c a copy. 
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Good surface and accuracy of size and shape are im- 
portant. In addition to these characteristics Wissco 
Cold Rolled Strip gives you a workability that keeps 
processing costs ata minimum. When working strip 
uniformity counts, and products formed by stamping, 
bending, or deep drawing are uniform when made 
with Wissco Strip. It is regularly made in sizes up 
to 6" in width, from 3-16 to .003 in thickness, in bright, 
tinned copper and cadmium coated finishes. Use it 
and you will know why so many manufacturers have 
adopted Wissco Cold Rolled Strip. 


This same uniformity is also found in Wissco Cold Rolled 
Specialties; suchas Lock Spring Steel, Curtain Spring Steel, 
Bobby Pin Wire, Heddle Steel, Knife Blade Steel, Saw 
Steel and Flat Stitching Wire. 


2 
WIRE (All Specifications) 


| STAINLESS STEEL WIRE 


| COLD ROLLED STRIP 
WIRE SPRINGS 
and FORMS 


Wi 





PERFORATED METALS 
METAL CONVEYOR 
BELTS 


CARD CLOTHING 
WELDED FABRIC 


WIRE 
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WICKWIRE SPENCER a COMPANY 
41 East 42nd Street, New York City; Buffalo, Chicago, Wor- 


cester; 
houses: 
vartment: New York City. 


Pacific Coast Headquarters: 
Los Angeles, Seattle, Portland. Export Sales De- 


San Francisco; Ware- 
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A Review oF Recent Wire PATENTS 





No. 2,006,355, METHOD AND AP- 
PARATUS FOR FORMING WIRE 
LOOPS, Patented July 2, 1935, by James 
K. Howell, Los Angeles, California. 

This is a hand tool for forming loops 
or eyes in the ends of piano wire lead- 
ers, commonly employed in fishing. 


a 

No. 2,006,389, APPARATUS FOR 
COILING COMPOUND TORSION 
SPRINGS, Patented July 2, 1935, by 


Friedrich Fuchs, Leitmeritz, Czecho- 
slovakia. 

This apparatus includes a number of 
shaping jaws having segmental cylin- 
drical concaved surfaces of progressive- 
ly different diameters and formed with 
screw threads alternately of opposite 
pitch, wire feeding means for feeding 
the wire material against these jaws 
and a device for bringing the surfaces 
of the jaws successively opposite the 
wire feeding means. 

+ + + 


No. 2.006,819, MACHINE FOR UN- 
WINDING WIRE IN WHICH THE UN- 
WINDING COIL IS DRIVEN FROM A 
PARTICULAR SOURCE OF MOTION, 
Patented July 2, 1935, by Reinhold 
Zschach, Eindhoven, Netherlands, as- 
signor to Radio Corporation of Amer- 
ica, a corporation of Delaware. 

For rewinding very thin wire and the 
like, this inventor has provided a device 
which will prevent jamming of the wire 


t_ THE RAISED TREAD _}+ 
MAKES CLEVELAND TRAMRAIL DIFFERENT 


Complete Descriptions and Drawings 
of Patents May Be Had for 25 cents. 
Address, Wire & Wire Products, 17 East 
42nd St., New York. 





between two windings by driving the 
unwinding spool in accordance with the 
demand. 
+ > + 

No. 2,006,932, ELECTRIC CABLE, 
Patented July 2, 1935, by Samuel J. 
Rosch, Yonkers, N. Y., assignor to Ana- 
conda Wire & Cable Company, New 
York, N. Y., a corporation of Delaware. 

A flexible, metallic, sheathing for 
solid, oil, or gas filled high tension 
cables is provided and comprises a num- 
ber of longitudinally extending helical 
elements interlocked in a tongue and 
groove formation so as to form a fluid- 
tight cylindrical enclosure, yet at the 
same time permitting the elements to 
slide relatively to each other. The sur- 
faces of these elements are tinned and 
an outer lead jacket is pressed on these 
tin surfaces. 

+> > > 


No. 2.007,277, PAPER COVERED 
CONDUCTOR, Patented July 9, 1935, by 
John J. Keyes, Pittsburgh, Pa., assignor 
to Westinghouse Electric & Manufactur- 
ing Company, a corporation of Penn- 
sylvania. 

An enameled wire conductor is em- 
ployed having an alcoholic solution of 


TRAMRAIL 


A 


shellac applied over the enamel and be- 
ing covered by wrapping thin strips of 
paper thereabout, the paper being com- 
posed of a fibrous base. It is claimed 
that this solution will penetrate the in- 
terstices of the covering, whereby bind- 
ing all of the minute particles of the 
covering upon the enamel to cause each 
particle, when the wire is bent or elon- 
gated, to be carried by each particle of 
the enamel to which it is attached, with 
the result that the covering will stand 
distortion without disruption. 
oe 

No. 2,007,311, NAIL, Patented July 9, 
1935, by George F. Shearman, Chicago, 
Il. 

Anchoring means is provided at the 
pointed end of this wire nail compris- 
ing anchoring barbs projecting from op- 
posite sides of the shank adjacent the 
point, the shank having indentations 
therein at opposite sides of the anchor- 
ing barbs, and upwardly extending di- 
verging anchoring spurs on the upper 
end of each of the barbs. 

+ + + 

No. 2,007,312, MEANS FOR MAKING 
NAILS, Patented July 9, 1935, by George 
F. Shearman, Chicago, Ill., assignor of 
fifty per cent to William E. Boyington, 
Chicago, Ill. 

More specifically, this invention cov- 
ers a nail die for making the nail dis- 
closed in U. S. Pat. No. 2,007,311 grant- 
ed to the same inventor. 


SERIES of Six Folders is being 
published picturing numerous ap- 
plications of Cleveland Tramrail—also 
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Tramrail. 


why over 3500 customers have pur- 
chased 15000 Installations of Cleveland 


@ The first two of these folders have been 
mailed to 25000 prospective users of Cleveland 





Tramrail. If YOUR name is not on our list, notify 


our district representative in your territory or 





our Home Office——we will add it, and send 
you back copies of the folders, 
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A Review of Recent Wire PATENTS 





No. 2.007,441, WIRE COATING AP- 
PARATUS, Patented July 9, 1935, by 
Albert T. Candy, Jr., Oak Park, Illinois, 
assignor to Candy & Company, Inc., 
Chicago, Ill., a corporation of Illinois. 

It is stated that this apparatus is 
adapted for providing a thin coat of col- 
ored wax-like material on the wire, giv- 
ing a non-sticky, “slick finished” sur- 
face, while retaining a relatively fine re- 
tarding characteristic to the coating. 

+ + + 

No. 2,007,761, ELECTRICAL CABLE, 
Patented July 9, 1935, by Fred R. Kaim- 
er, Bridgeport. Conn., assignor to Gen- 
eral Electric Company, a corporation of 
New York. 

It is stated that this wire is particul- 
arly adapted for high voltage currents 
such as are employed for display signs 
illuminated by tubes containing rare 
eases. The cable is provided with an in- 
sulating layer of a specially vulcanized 
pitch comprising palm oil pitch, rape- 
seed oil and sulphur together with rub- 
ber compounded together. 

¢ + + 

No. 2.007,762, ELECTRICAL CABLE, 
Patented July 9, 1935, by Fred R. Kaim- 
er, York, Pa., assignor to General Elec- 
tric Company, a corporation of New 
York. 

This invention covers the specially 
vulcanized pitch referred to in patent 
No. 2,007,761, the inventor claiming that 
the composition has  ozone-resistant 
quality. 

+ + + 

No. 2.007,862, SCREEN CONVEYER, 
Patented July 9, 1935, by Alpheus O. 
Hurxthal, Philadelphia, Pennsylvania, 
assignor to Proctor & Schwartz, Incorp- 
orated, Philadelphia, Pa., a corporation 
of Pennsylvania. 

Means is provided for this wire screen 
conveyor for pivotally connecting sec- 
tions or ends of the conveyor apron and 
arranged to occupy but a small propor- 
tion of the surface area of the conveyor 
section or apron so as not to detract 
from its operation. 

+ + 

No. 2.008,185, BED SPRING, Patent- 
ed July 16, 1935, by Angelo Pittoni, Lyn- 
brook, N. Y., assignor to The Home 
Company, Rome, N. Y., a corporation of 
New York. 

A flexible border member is provid- 
ed which offers more resilient resistance 
to flexture in the direction of the plane 
of the border rather than in a direction 
transverse thereto. 

Sa, Ses 

No. 2,008,814, APPARATUS FOR AN- 
NEALING WIRE, Patented July 23, 
1935, by Albert F. Bradley, Sterling, II1., 
assignor to Northwestern Barb Wire 
Company, Sterling, Ill., a corporation of 
Illinois. “ 

This inventor provides an annealing 
furnace, particularly for providing on 
wire of a ferrous metal a bright finish. 
It is stated that this bright finish sur- 
face wire is employed largely in bale 
ties. 

+ + + 

No. 2,009,004, INSULATED ELEC- 

TRIC CONDUCTOR, Patented July 23, 


September, 1935 


1935, by Rudolph A. Schatzel, Rome, N. 
Y., assignor to General Cable Corpora- 
tion, New York, N. Y., a corporation of 
New Jersey. 

More specifically, the process com- 
prises producing a colored flame-resist- 
ant covering for wire conductors. About 
the wire is placed a bituminous material, 
then a coating of material insoluble in 
paint and lacquer solvents and finally a 
layer of colored lacquer which is pro- 
tected by the intervening coating against 


blending with and discoloration by the 
bituminous material. 
+ + + 

No. 2,009,242, SPRING-CUSHION, 
Patented July 23, 1935, by Leonard 
Trotta and Hugo Perlesz, Chicago, II1., 
assignor to Burton-Dixie Corporation, 
Chicago, Ill., a corporation of Delaware. 

Clip means is provided for combining 
the upright spiral spring of the spring 
cushion assembly, ithe clips comprising 
a wire of double loop formation. 

(Please turn to page 450) 


FARREL NI-HARD ROLLS 
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A 20" x 42” Farrel Ni-Hard Roll for finishing 
non-ferrous sheets. 





for quality and economy 





Farrel Ni-Hard Rolls have 
been developed to meet the de- 
mand of the metal rolling in- 
dustries for a roll combining 
hardness with high strength 
and a surface free from pin- 
holes, “orange peel,” or other 
imperfections which mark the 
surface of the sheet. 

They are chilled alloy iron 
rolls with a hardness from 85 
to 90 on the Shore Sclero- 
scope, “C’’ scale, and are the 
result of long and careful 
study and experimentation to 
develop correct mixture, melt- 
ing practice and heat treat- 
ment. 

Each step in the manufac- 
turing process is subject to 
scientific control, including 





Pinions—Drives up to 10,000 H. P. 
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Farrel-Birmingham Metal Working and Rolling Mill Equipment includes: 
Special Alloy Iron and Steel Rolls-——Rolling 
Equipment—Universal Mill Spindles—Rod Coilers—Hydraulic and Mechanical Presses 
Lead Presses for Pipe or Rod—Roll Grinding Machines—Roll Calipers—Gears—wMill 


analysis of materials, con- 
trolled melting in an electric 
furnace, precise heat treat- 
ment, physical tests and 
microphotographs. 

The performance of Farrel 
Ni-Hard Rolls in a number of 
metal rolling mills has defin- 
itely proved their superiority. 
Their greater hardness and 
better surface produce a sheet 
with a finish of notably high- 
er quality than can be obtain- 
ed with chilled or other types 
of alloy cast rolls. They are 
also more economical—requir- 
ing less scouring and grinding 
than any other type of cast 
roll, their life is longer and 
their cost per ton of output is 
lower. 


Chilled Iron, 
Mills—Rod Mill Tables and Manipulating 





FARREL-BIRMINGHAM 


Company, 


Inc. 


38 Main St., Ansonia, Conn. 





435 








‘Round the World With the Wire Industry 





Japanese Competition in Wire 
Sales to the Philippine Islands 


APANESE barbed wire is re- 
| ported to be under-selling the 
American product in the Philippine 
Islands and that country is be- 
coming a serious competitor in 
plain wire products. Japanese nails 
are underselling the American 
product but it is not definitely 
known whether or not Japanese 
nails will prove satisfactory for 
use with hard Philippine wood and 
buyers are still specifying Amer- 
ican nails in larger sizes, accord- 
ing to a radiogram from the office 
of the trade commissioner at Man- 
ila. 

+ + + 
Norwegian Production of Bolts, 
Screws and Nuts 
ORWEGIAN production of 
bolts, screws and nuts during 
1933 were valued at 1,699,074 
krone, as compared with 1,358,585 
krone in 1932. Considerable im- 


provement was evident in the gen- 
eral economic situation in Norway 
during the past year and the iron 
and steel industry is reported to 
have had a satisfactory year. 


+ + + 


No Commercial Production of 
Hoop Iron in Japan 


OOP iron is one of the few 
items which has not been 
produced commercially in Japan. 
The demand is very considerable, 
imports during 1934 having 
amounted to 76,600 metric tons. 
It is reported further than a num- 
ber of companies have been in- 
stalling equipment to produce hoop 
iron and that one plant is said to 
have commenced commercial pro- 
duction in March of sizes 20 mm. 
to 135 millimeters, using imported 
billets. It is pointed out that it 
will be perhaps several years be- 
fore the domestic output is suffi- 
cient to supply the demand. 


Merger of Two Japanese Tubing 
Companies 
T is reported that the Japan 
Steel Tube Company has signed 
a tentative agreement whereby it 
will purchase and absorb the Showa 
Steel Tube Company. The first 
named plans to finance the opera- 
tion by the issuance of new shares, 
using the proceeds to purchase the 
outstanding shares of the Showa 
Company. This consolidation will 
place under a single management 
the only two companies manufac- 
turing steel tubing in Japan. 
+ + + 
New Nail and Tack Factory 
at Habana 
HE new nail and tack factory 
at Habana has announced 
to the trade that it would be 
in a position to supply nails be- 
fore the end of May. The manage- 
ment of the factory has applied to 
the National Tariff Commission 
for the duty free entry of nail wire, 
classified under Tariff Items 41 A, 
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B, and C, of the Cuban Customs 
Tariff. No information hag been 
received which would give any 
definite idea as to whether or not 


this request will be granted. 
+ + + 


OMPETITION of the German 
wire cartels has not yet been 


possible. Negotiations are still 
pending. It is, however, certain 


that new cartels including all mem- 
bers will be established before the 
end of August. In the new cartels 
the Federation of German iron and 
steel merchants will also be repre- 
sented as prices for the domestic 
markets will not be uniform as 
hitherto but diversified according 
to the composition of the popula- 
tion. Chiefly agricultural areas 
will get cheaper prices. 
+ > > 

HE difficulty on the wire rod 

export market is still persist- 
ing. The German wire rod indus- 
try has nothing to offer as the 
allotments are completely exhaust- 
ed and not before the third week 


of August will the order books be 
reopened. The German wire rod 
industry produced approximately 
70,000 tons average in the past 
four months compared with 47,000 
tons last year and 38,000 tons two 
years ago. The demand on the ex- 
port market is steady and prices 
are very firm now that Poland is 
a member of the cartel and Japan 
is still a buyer and not a seller. 
British wire rod exports are still 
negligible. Most of the German 
export transactions were on barter 
basis. 


+ + + 


German Wood Screw Cartel 


HE German wood screw cartel 

reports that the export demand 
is still satisfactory. This concerns 
particularly the demand for steel 
wood screws. The total exports of 
bolts and nuts has been greatly 
advanced this year. The exports 
during the first half of 1935 reach- 


ed 9,455 tons including black bolts 
(wood screws are not separately 
registered) compared with 4,774 
tons last year and 5,334 tons two 
years ago. Rivet exports have in- 
creased more and amounted to 
4,266 tons compared with 1,533 
tons last year. Wire nail exports 
rose from 10,877 tons the first half 
of 1934 to 15,844 tons this year. 
This increase was in spite of many 
obstacles (competition from coun- 
tries with depreciated currency, 
import restrictions, etc.) and is en- 
tirely due to the organization of 
barter business, which was previ- 
ously reported in these columns. 
First laughed at and regarded as a 
return to medieval conditions, it is 
now copied by other continental 
industries. Exports of other iron 
and steel products first half of 1935 
have also gained very heavily. 
ee 


Poland Joining IWECO 


OLAND is entering the IWECO 
with an annual allotment of ap- 





ANNEALING REELS 


Steel Reels 
All Welded 





STRANDING REELS 





SPOOLS 


The Amertcan Pulley Company 


4200 WISSAHICKON AVE. 
JObiladelpbia 





Let Us Help You With Your Reel 
and Spool Problems 


+ + + 


WALTER A. RICHARDS 


20 N. Wacker Drive, Chicago 


Our Specialist on Reels and Spools to the Copper and Steel Wire Industry Will Maintain Headquarters at the 
Congress Hotel, Chicago, During the Wire Association C onvention, Sept. 30—Oct. 4, 1935 


BRAIDER REELS 


PROCESS REELS 


Spools to the Trade 
For All Purposes 





VULCANIZING REELS 








September, 1935 


437 








‘Round the World With the Wire Industry 





proximately 6,500 tons. While 
there was virtually no competition 
in Polish wires, the outside compe- 
tition in wire nails has forced the 
IWECO to quote rather low prices 


in certain markets, particularly 
the Baltic States. This is now 
avoided. 

+ + + 


S regards the general situation 
on the export market, the 
United States continues ‘to take 


considerable quantities from the 
German industry, particularly nails 
and barbed wire. South Africa and 
the chief Latin American Re- 
publics are also buying heavier, but 
the demand from the Far East is 
remarkably quiet. As regards 
prices, the recent fight prices 
against Japanese competition in 
nails and fencing wire are quoted 
for the following markets: China, 
Mandschukuo, Siam, the Dutch 
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Indies, the Straits Settlements and 
in India on nails only but for no 
other wire products. The fight 
prices are five shillings per ton 
below the normal quotations. 


+ + + 


German Cartel Allots Wire Rod 
Export Quotas 


HE German wire rod export 
allotment to Great Britain has 
been fixed inside the wire rod car- 
tel at 1500 tons and to the United 
States at 240 tons monthly. The 
United States is chiefly buying rods 
of heavy coils of 300 to 400 Ibs. and 
in Thomas steel quality, only few 
tons of o. h. quality. 
+ + + 


Germany Gets N. Z. Wire Rope 
Contract 


URPRISE has been caused in 
the United Kingdom by the 
decision of the Auckland Harbor 
Board to accept a tender on behalf 
of a German concern for a supply 
of steel wire ropes at £599 
($2,995), against tenders of£715 
($3,575) submitted by 13 British 
concerns. The German tender was 
accepted on a vote of eight in favor 
to four against. 


+ + + 


ENDERS for the ropes were 

called for early this year, but 
as the result of what is described 
as an attempt by a British combine 
to impose on the board a sales tax, 
it was decided to call for fresh 
tenders with the British preference 
clause deleted. 

+ + + 


HE successful German firm in- 

timates that arrangements 
will be made. to purchase New 
Zealand goods in exchange. 


+ + + 


HE Brunton Works of Mussel- 
burgh, Scotland, builders of 

the Haigh-Robertson Fatigue Test- 
ing Machine for wire and rods, of 
which a detailed description was 
published in the July issue of Wire 
and Wire Products, have appointed 
the firm of During and Oliver, 100 
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Fifth Avenue, New York City, as 
Sole American Agents for this 


new wire testing machine. 
++ + 


Handy & Harman To Build 
Toronto Plant 
ANDY & HARMAN of New 
York, bullion dealers and re- 
finers have purchased a site in 
downtown Toronto and will build a 


branch plant there. 
+ + + 


HE plant will be equipped for 
melting, rolling and annealing 

of gold and silver in sheet and wire 
form, also for the burning, drying 
and refining of gold, silver and 


platinum waste products. 
+ + + 


Canadian subsidiary, Handy 
& Harman of Canada, Ltd., 
has been incorporated under Do- 
minion charter with G. H. Nie- 
meyer, vice-president of the New 
York company as president. 
+ + + 
Australia Will Use British Sieve 
Standard 
eo Standard Specifications 
for test sieves have been 
adopted as standard for Australian 
use by the Standards Association 


of Australia. 
+ + + 


HE British Specification was 

prepared by a committee of 
the British Standards Institution 
which used the standard sieve 
series of the National Bureau of 
Standards in its research. 

+ + + 

RITISH standard sieves are 

divided into three series, fine 
and medium mesh sieves of woven 
wire cloth, and coarse mesh sieves 


of perforated metal plate. 
+ + + 


General Electric Ltd. 

London group headed by 

Lazard Freres has purchased 
practically the entire block of 400,- 
000 shares of .General Electric 
Ltd., held by an American electric 
company at the London market 
price of around 61s 6d. The trans- 
action involves approximately £1,- 
200,000. Through the acquisition 
almost all the shares are now held 
by British interests with the ex- 
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ception of a few in the hands of 
private American investors. 
++ + 
Draft Standard for Washers Is 
Being Sent to Industry 
DRAFT standard for plain 
washers for use with Ameri- 
can regular bolt heads and nuts is 
now being distributed to industry 
for comment and criticism. The 


draft was completed recently by a 
sub-committee of the Sectional 
Committee on the Standardization 
of Plain and Lock Washers. 


++ + 

LIMITED number of copies 

can be obtained through the 

American Standards Association 

office, or from C. B. LePage, the 

American Society of Mechanical 
Engineers, New York. 
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HE Wire Association is a non-profit 

organization of wire mill executives, 
superintendents and foremen. It alse 
includes plant engineers, traffic men, 
credit men, salesmen, and all others 
engaged in the wire industry, together 
with manufacturers, and other interest- 
ed people who have something to sell to 
the wire mill or some service to render 
for pay. 


BEIGHLEY, ANSON E., Sales Representative, 
American Chemical Paint Company, 
Cleveland, O. 

BENNETT, H. W., President, 
Belleville Wire Rope Co., 

Belleville, N. J. 

BENNETT, W. A., Superintendent, 
Wickwire Spencer Steel Co., 
Goddard Works, Worcester, Mass. 

BERNITZ, J. L., 

New York, N. Y. 

BLOUNT, HARRY, Development Engr., 
Western Electric Company, 
Baltimore, Maryland 

BLOUNT, WM. H., Treasurer, 
Sleeper & Hartley, Inc., 

Worcester, Mass. 

BOLL, JOHN K., Manager, 
Wire Sales Divis‘on, 
Wheeling Steel Corp., 
Wheeling, W. Va. 

BOULIN, VICTOR, Manager, 
Vianney Wire Die Co., 
New York, N. Y. 

BRALEY, S. A., 

Mellon Institute of Industrial Research 
Pittsburgh, Pennsylvania. 

BRIGHTMAN, H. M., Manager 
Columbia Steel & Shafting Co., 
Pittsburgh, Pa. 

BRODEN, EDWIN H., Manager, 

Wire Mills, American Steel & Wire Co., 
Pittsburgh, Pa. 

BRODEN, G. W., President, 

Broden Construction Co., 
Cleveland, Ohio. . 

BRONSON, W. D., Sales Representative, 
Union Wire Die Corporation, 
Chicago, Ill. 

BROWN, RICHARD E., Publisher, 
‘Wire and Wire Products”, 

New York, N. Y. 

BRUGGE, BEN, Nail Mill Foreman, 
Gulf States Steel Company, 
Alabama City, Alabama. 

BRUNTON, J. D., President, 
Bruntons (Musselburgh) Ltd., 
Musselburgh, Scotland. 

BULLOCK, CAPTAIN FRANK W., 
Signal Corps., U. S. Army, 
Brooklyn, N. Y. 

BUSH, MAJOR GEO. P., 

Signal Corps., U. S. Army, 
Bethesda, Maryland. 

BUSK, T. V., 
Farrel-Birmingham Co., 
Ansonia, Connecticut. 

CALLAGHAN, JOHN C., 

Works Manager, Canada Works, 
Steel Company of Canada, Ltd., 
Hamilton, Ontario, Canada. 

CARNAHAN, H. B., Chief Mech. Engr., 
Canadz2, Wire & Cable Co., Ltd., 
Toronto, Canada. 

CASSIDY, LEVI M., Wire Drawer, 
Wickwire Spencer Steel Co., 
Buffalo, N. Y. 

CLAPP, R. H., Representative, 
Wickwire Spencer Steel Co., 

San Francisco, Calif. 

CLARK, E. W., Mechanical Engineer, 
Wire and Cable Division, 

General Electric Co., 
Schenectady, N. Y. 

CLARK, HERBERT B., Vice Pres., 
Union Wire Die Corporation, 

New York, N. Y. 

CLIFFORD, RALPH K., Gen. Supt., 
Continental Steel Corp., 

Kokomo, Indiana. 

COHN, RALPH F., Factory Manager, 
Reynolds Wire Company, 

Dixon, Illinois. 

COLE, CARTER S., 

Copper & Brass Research Ass’n, 
New York, N. Y. 
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HERE are scparate divisions for all 

the separate major interests in the 
wire industry, steel, iron, brass, copper, 
alloy, and precious metals, together with 
divisions relating to drawing, fabricat- 
ing, forming, spring making, wire cloth, 
wire rope, insulated wire, electric wire 
and cable and all other forms of wire 
and wire products. 


ie specific purpose is to improve pro- 
duction methods and afford a clearing 
house for ideas on management prob- 
lems, technical problems, and research 
work in all phases of practical wire 
drawing and wire working, and to de- 
velop and maintain friendly relations 
among the members. 


+ + + + + + 








CHECK J#HESE 
PROJAT POINTS 


---1n Morrison 


rod bakers 


@ Iwice former oven production with the same 
or less gross fuel consumption per hour. 










eB Up to six times the speed of former methods 
in bringing charge to full heat. 


@ Absolute uniformity of temperature in ma- 
terial plus extremely accurate control. 


@ Oven atmosphere maintained through ad- 
justment of only one efficient burner unit. 


@ Fuel economy through recirculation of 
heated air and low furnace absorbtion. 


What would your profits be if the important ex- 
pense of rod baking could be cut in half? Many 
alert organizations are, today, utilizing Morrison 
rod bakers as a tool for more effective and more 
profitable competition. 





Rod comes from Morrison ovens in 
perfect condition for drawing --- no 
rusty or squeaky wire. Savings are 
thus passed along to other operations. 
The economies of Morrison equip- 
ment have often paid for the entire 


installation easily within one year. 





U. S. Patent No. 1,999,513 


THE MORRISON ENGINEERING CO. Inc. 


5005 EUCLID AVENUE * * ° CLEVELAND, OHIO 
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CUT YOUR LABOR COSTS 


— BY USING — 


SHUSTER “HIGH SPEED” 
Automatic Wire Straightening And 
| Cutting Machines 























Equipped With All the Latest Engineering Improvements 


Send specifications for full information and prices. 


THE F. B. SHUSTER COMPANY New Haven, Conn. 


STRAIGHTENER SPECIALISTS SINCE 1866 

















Pressed Steel Corp. ov 0 


mossseRG PRESSED STEEL cor. 


S keeping pace with requirements of the Wire Industry’s 

demand for greater efficiency and offers a complete line of 

Spools and Reels for all shop manufacturing operations as well 
as for shipping purposes. 


PECIAL designs have been 
perfected for High Speed 


Fine Wire 


High Speed Wire Drawing Spools Wire Drawing and never before 


have tolerances been kept to such 

close limits in the production of 

Spools and Reels which is so 

essential to the user of High 

Speed Machines if maximum 

ney efficiency and uniformity of pro- 
. 4 duct is to be obtained. 


MOSSBERG Sc 


OUR ENGINEERS 





> 
ATTLEBORO, MASSACHUSETTS, U. S. A. SPOOL-REEL Combination 
Greenville, S. C. Dallas, Texas REQUIREMENTS 500 lb. Capacity Wire Drawing—Annealing— 
Selson Machine Tool Co., Ltd., London, England Stranding—Reel 
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CONNOR, F. J., Dist. Supt., 

Wickwire Spencer Steel Co., 
Worcester, Mass. 

COPPICK, JOHN C., Manager, 

St. Lawrence Wire Co., Ltd., 
Montreal, Quebec, Canada. 

CORBLEY, EDWARD, Superintendent, 
Stewart Hartshorn Co., 

Harrison, New Jersey. 

CRAPO, FRED M., Vice President, 

In Charge of Manufacturing, 
Indiana Steel & Wire Co., 
Muncie, Indiana. 

CRAWFORD, W. H., Resident Manager, 
Eaton Manufacturing Co., 

Massillon, Ohio. 

CREWE, L. C., JR., Foreman Wire Mill, 
Bethlehem Steel Company, 

Sparrows Point, Md. 

CUNY, MAJOR C. D. 

Signal Corps., U. S. Army, 
Procuring District, 

San Francisco Signal Corps, 
Presidio of San Francisco, Calif. 
DAVENPORT, H. D., Superintendent, 

Washburn Wire Company, 
New York, N. Y. 

DeKLYN, JOHN H., Asst. Supt., 
U. S. Aluminum Company, 
Massena, New York. 

DeLORI, JEAN, Managing Director, 
Clouterie & Trefilerie des Flanares, 
Gentbrugge, Lez Gand, Belgium. 

DERN, EMIL, Secretary, 

Kelly Wire Die Co., 
New York, N. Y. 

DENNIS, WALTER J., Dist. Mer., 
Vanadium Alloys Steel Ga. 
Pittsburgh, Pa. 

DOERING, R. W., Superintendent, 
Frost Steel & Wire Co., Ltd., 
Hamilton, Ontario, Canada. 

DOYLE, J. A., Vice President, 

W. S. Rockwell Company, 
New York, N. Y. 

DRIVER, ROBERT O., Vice President, 
Wilbur B. Driver Company, 

Newark, New Jersey. 

EARLY, E. F., Superintendent, 


pa oe ROD MILLS, BAR MILLS 


EATON, F. C., Pres. & Plant Mer., 


oe AND STRIP MILLS 
EDICK, H. L., Metallurgist, 
Wickwire Brothers, 


Cortland, New York. i i lectrically Driven. 
ELDER, FLINT C., Chief Metallurgist, Either Steam, Air orE ct y 


American Steel & Wire Company, We will be glad to send you complete 
evelanda, . 
ee laa data on this thoroughly modern and 
efficient shear. > 


FLYING SHEAR 
by LEWIS 









Firthaloy Division, 
Firth Sterling Steel Co., 
McKeesport, Pa 

ENIVIK, E. V., Vice President, 
Uddeholm Co. ~ America, Inc., 
New York, N. 

FAST, PAUL Ss “Plant Supt., 
Belden Manufacturing Co., 
Chicago, Illinois. 

FAULHABER, THOS. C., Treasurer, 
Electro Metals, Inc., 

Cleveland, O. 
FISHER, EDWARD J. P., 
Physical Metallurgist, 
Keystone Steel & Wire Co., 
Pearia, Tinos, LEWIS MAKES A COMPLETE LINE OF 

FOSTER, B. J., Works ig 
J. Shipman & Co., Ltd., é 
Attereife. Stee! Works, ROLLING MILL MACHINERY INCLUDING: 
Sheffield, England. 

GERO, W. B., Manager, Div. 313, 
Westinghouse Lamp Company, 
Bloomfield, New Jersey. 

GIBBS, C. R.. Manager, 

American Wire Fabrics Co., 
Mount wert, Pennsylvania. 
GRANGER, D., Asst. to Vice President, 


Mill drives up to and including 6,000 HP. Shape Straightener Machines 
up to and including 24 inch I beam. Motor operated Screw-Down for Mill. 
High Speed Gear Sets for Continuous Rod Mills. Continuous Bar and 


Wickwire Spencer Steel Company, Billet Mills. Cold Mills for Sheet and Strip. Rail Breakers. Rail Re- 
GRMRSEEE” €. Wa. President & Thenmste, Rolling Mills. Universal Mill Spindles. Chilled Iron and Iron Alloy Rolls 

Wilson Steel & Wi Ste for Iron, Steel, Brass, Copper, Aluminum, Zinc and Nickel. For hot Sheets, 
Ne sh ke a Manager tin plate and strip—for cold sheets, tin plate and strip. For merchant 

New York, N. Y. , bars and rods, Shears—Vertical Alligator—Cropping—Plate and Squar- 
HAMMITT, S. J., Manager, 


Morrison Steel & Wire €o., Ltd., ing. Special Machinery —Testing Machines and Iron and Steel Castings. 
Granville Island, Vancouver, B. C., Canada. 
HARRISON, N. C., Vice President, 


Atlantic Steel Company, PITTSBURGH, PA. 


Atlanta, Ga. 
(Continued on Page 444) zs | 
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SC FURNACES For HARDENING, 
ANNEALING, 
PATENTING, 
GALVANIZING 


Whatever the heating oper- 
ation, SC furnaces increase pro- 
duction, give better surface, bet- 
ter physical properties, depend- 
able uniformity. You will want 
te obtain all these results, no 
matter what your heat treating 
vperation or problem may be. 
Our engineers will be glad to 
consult with you. 











Write for descriptive bulletin on SC Furnaces. 


Wesel ———— es 





Surface Combustion Corporation 


TOLEDO, OHIO Sales and Engineering Service in Principal Cities 


cu 
A SSPHERE FURNACES...HARDENING, DRAWING, NORMALIZING 
| Ofliomakersof.. KNNEALING FURNACES... FOR’ CONTINUOUS OR BATCH OPERATION 
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HARVEY, L. S., Wire Foreman, 
Platt Brothers & Company, 
Waterbury, Connecticut. 

HENDERSON, GORDON WM., Metallurgist, 
Rylands Brothers (Australia), Ltd., 
Port Waratah, Newcastle, N. S. W., Australia. 

HENDERSON, KEITH T., Metallurgist, 
Broken Hill Proprietary Co., Ltd., 
Port Waratah, Newcastle, N. S. W., Australia. 

HEYN, H. M., Asst. Sales Manager, 
Surtace Combustion Corp., 

Toledo, O. 

HIRE, HARRY E., Superintendent, 
Wire and Insulating Division, 
General Electric Company, 

Fort Wayne, Indiana. 

HITCHCOCK, WM. E., President, 
Atlantic Wire Company, 

Branford, Connecticut. 

HOLROYD, NORMAN, 
Halifax, 

Yorkshire, England. 
HOLTON, A. E., President, 
Essex Wire Corporation, 

Detroit, Mich. 

HOPE, R. B., Superintendent, 
Rod and Wire Division, 
Wheeling Steel Corp., 
Portsmouth, Ohio. 

HORSFALL, D., Works Manager, 
Canada Wire & Cable Co., Ltd., 
‘Luronto, Canada, 

HORSFALL, HERBERT, President and 
Managing Director, 

Canada Wire & Cable Co., Ltd., 
‘loronto, Canada. 

HUBBARD, E. J., President, 
Hubbard Spool Company, 
Chicago, Ill. 

HUGHES, WILFRED A., Gen. Foreman, 
Gilbert and Bennett Mtg. Co., 
Georgetown, Connecticut. 

HYNDMAN, H. M., Superintendent, 
Dominion Steel & Coal Corp., Ltd., 
Sydney, N. S., Canada. 

IGOE, PETER, Treasurer, 

Igoe Brothers, 
Newark, N. J. 

INGHAM, THOMAS S&., Asst. Sales Manager, 
American Chemical Paint Co., 
Ambler, Pennsylvania. 

JACOBSON, LESLIE C., Secretary, 
Union Wire Die Corp., 

New York, N. Y. 

JAGIELSKI, OTTO F., President, 
New Products Development Corp., 
Yonkers, N. Y. 

JEFFRIES, JAMES, Asst. Manager, 
Driscoll Wire Company, 

Shelton, Conn. 

JENKS, FRANK, Production Supt., 
Rylands Brothers (Australia), Ltd., 
Newcastle, N. S. W., Australia. 

JOHNSON, C. E., Asst. Superintendent, 
Rod and Wire Division, 

Bethlehem Steel Company, 
Sparrows Point, Md. 

JOHNSON, F., General Manager, 
Wickwire Spencer Steel Co., 
Buffalo Works, Buffalo, N. Y. 

KASTIEN, EMIL P., 

Peoria, Ill. 

KENT, M. A., Asst. Gen. Wks. Mer., 
General Cable Corporation, 

White Plains, New York. 

KING, CARL, Superintendent, 
Wickwire Spencer Steel Co., 
Palmer Works, Palmer, Mass. 

KINN, L. E., President, 

Seneca Wire & Mfg. Co., 
Fostoria, Ohio. 

KITSELMAN, HARRY L., Secretary, 
Indiana Steel & Wire Co., 

Muncie, Indiana. 

KNOLL, W. F., Superintendent, 
Jas. Pender & Co., Ltd., 

St. John, N. B., Canada. 

KNOWLTON, NEIL H., Engineer, 

Salem Engineering Co., 
Salem, Ohio. 

KRAKAUER, A., Secretary, 

Kay Manufacturing Corp., 
Warren Street, Brooklyn, N. Y. 

KRAUSE, E. F., President, 

E. F. Krause & Company, 
Los Angeles, Calif. 

KUNZ, MAJOR R. N., 

Signal Corps, U. S. Army, 
Brooklyn, New York. 

LANG, WM. ALEXANDER, Engineer, 
Ryland Bros. (Australia), Ltd., 
Newcastle, N. S. W., Australia. 
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LEACH, ROBERT H., Manager, 
Handy & Harman, 

Bridgeport, Conn. 

LEPAGE, L. J. C., Director, 
Sambre-Escaut, S. 
Fontaine-L’Eveque, Belgium. 

LEWIS, KENNETH B., 

Consulting Wire Mill Engineer, 
Worcester, Mass. 

LEWIS, RICHARD C., Engineer, 
Farrel-Birmingham Co., Inc., 
Ansonia, Connecticut. 

LITTLE, FRANK A., Asst. Treasurer, 
Nachman Spring-Filled Corp., 
Chicago, Ill. 

LONGWELL, JAMES R., Manager, 
Western Die Division, 

Carboloy Company, Inc., 
Detroit, Michigan. 

LUND, C. T., Pres. & Gen. Mer., 
New England High Carbon Wire Co., 
Millbury, Massachusetts. 

MacDOUGALL, J. KENNETH, Manager, 
Rylands Brothers (Australia), Ltd., 
Newcastle, N. S. W., Australia. 

MacDUFF, H. G., 

Worcester, Mass. 

MACKAY, W. ROY, Chief Inspector, 
Rod and Wire Mill, 

Bethlehem Steel Company, 
Sparrows Point, Md. 

MACKIE, I. C., Engineer of Tests, 
Dominion Steel & Coal Corp., Ltd., 
Sydney, N. S., Canada. 

MACKLIN, P. M., Executive Vice President, 
Wickwire Spencer Steel Company, 
New York, N. 

MacPHERSON, R. P., Representative, 
Schenectady Varnish Co., Inc., 
Schenectady, New York. 

MADISON, A. G., President, 

Madison Wire Co., Inc., 
Buffalo, N. Y 

MARCUS, SAMUEL S., President, 
Spring = Corp., 

Bronx, N. 

MARTIN, F. ‘5 District Sales Manager, 
American Lime & Stone Co., 
Pittsburgh, Pa. 

MELCHER, A. G., Gen. Supt., 


e 
—Is also 
Hoskins Manufacturing Co., e a < é 
Detroit. Mich. 
MILLLER, RANDOLPH V., President, 
R. H. Miller Company, Inc., 





Homer, New York. 

MORDICA, JOHN, Superintendent, 
Rod & Wire Works, 
Bethlehem Steel Co., 


Sparrows Point, Md. 
MORITZ, JOHN A., Gen. Supt., 
Mid-States Steel & Wire Co., 


Crawfordsville, Indiana. 
MOSSBERG, FRANK, Pres. & Gen. Mer., 
Mossberg Pressed Steel Corp., 


Attleboro, Massachusetts. i i i isi 
1 eT ETES, Werks Mar. Airplanes are built with the greatest precision to assure speed 
Connollys Blackley, Ltd., and safety. Robertson Hydraulic Pumps are built with the 
Blackley, Manchester, England. Z p 2 
MUCKLEY, D. S.. Supt. Wire Mill, same care and accuracy to give them the highest possible 
arable, Colorade. or efficiency and economy. Robertson Pumps are designed 
Revere Brass & ‘Copper, Ine. and constructed from the knowledge and experience we 
D - . . 
McCARTHY, B. L., Metallurgist, have gained in nearly three-quarters of a century making 
Wickwire Spencer Steel Co., 8 ° ° 
Buffalo, N. Y. lead encasing presses and allied equipment. 


McCONNEL L, BURT M., 


N York, N. Y. ° e 
MeCUTC HEON, P. S., Gen, Mer. There are 16 separate construction features in the Robertson 
Worcester, Mass. Pump which place it in a field by itself. These are described 
McGOWAN, C. L., Supt., ; ° 
Rod and Wire Mill, in a folder we would like to send you. 


Atlantic Steel Co., 
Atlanta, Ga. 

















aa ee Robertson makes all types of lead-encasing machinery re- 
Phillipsdale, Rhode Island. quired by electrical cable makers including Extrusion Presses, 
a... °° oo Hydraulic Pumps, Melting Furnaces and Pots, Dies and 
river-Harris 0., ' ' 
Harrison, N. J. 5 + . z 
McLAUGHLIN, T. F., Vice President, Cores, also Lead-Sheath Stripping Machines and Hydro 
Rustless Iron Corp. of America, pneumatic Accumulators. 
Baltimore, Md. 
McSHEERY, T. H., Sales, Representative, 
Wickwire = Steel Company, 
Chicago, Ill. i 
7, . < : 
(Continued on Page 446) ohin Pioneers~ Since I858 Prion | 
Je 
oar ROBERTSON 
M COME TO THE WIRE CO.INC 
ASSOCIATION MEETING 131 Water Street Brooklyn, N. Y. W 
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ROD MAKING MACHINES 


Produce directly from the coil material in a single, evenly con- 
tinuous operation, and with one operator, perfectly straight and high- 
ly polished ferrous and non-ferrous rods; also square, hexagon and 
flat rods. 


+ + + 


STRAIGHTENING AND POLISHING 
MACHINES 
for 
WIRES SHAFTING TUBING 


Built on a new principle, resulting in straight rods with great- 
ly improved surface and high polish. 


RODS 


+++ 


WRAPPING MACHINES 
for 
COILS, RODS, BUNDLES, ETC. 


Instantly adjustable to any size of coil; wraps with paper or 
burlap, etc., single, double or mixed layers. 


+ + + 


PACKAGING-WEIGHING MACHINE 


for 
NAILS, SCREWS, NUTS, ETC. 


Material is fed in bulk. Machine makes the box from roll paper, 
weighs the material accurately, fills the box and closes it; one un- 
skilled attendant required. 


++ + 


AGENTS for U. S. and CANADA 


W. A. SCHUYLER 


Fisk Bldg. 


Paw seen, NN. TF. 
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NEHRING, PAUL A., President, 
Nehring Electrical Works, 

DeKalb, Illinois. 

NELSON, G. W., Superintendent, 
Wickwire Spencer Steel Co., 
Clinton Works, Clinton, Mass. 

O’CONNOR, Hugh, Pres. & Treas., 
Michigan Wire Cloth Co., 

Detroit, Michigan. 

PATTERSON, JOHN W., Metallurgist, 
Youngstown Sheet & Tube Co., 
Youngstown, Ohio. 

PAYNE, SETH, Asst. Gen. Mer., 
Rylands Brothers, Ltd., 
Warrington, England. 

PEARSON, O. G., Wire Mill Supt., 
Continental Steel Company, 
Kokomo, Indiana. 

PERSSE, B. D. S., Manager, 

Laidlaw Bale Tie Co., Ltd., 
Hamilton, Ontario, Canada. 

PETERSON, J. P., Dist. Mer., 
Carboloy Company, Inc., 

Newark, New Jersey. 

PETTERSON, A. R., Vice President, 
Thomson-Judd Wire Machinery Co., 
Lynn, Masgachusetts. 

PIERSON, W. D., Secretary, 
Waterbury Farrel Fdry. & Machine Co., 
Waterbury, Connecticut. 

POTTER, EARL R., Superintendent, 
Standard Wire Corp. of Calif., 

So. San Francisco, Calif. 

RAITHEL, ARTHUR C., Factory Manager, 
Vascoloy-Ramet Corporation, 

North Chicago, Illinois. 

RANDALL, H. L., President, 
Riverside Metal Company, 
Riverside, New Jersey. 

REILLEY, EDWARD M., JR., Sales Engineer, 
Ellwood City, Pa. 

REA, V. F., President, 

Rea Magnet Wire Co., 
Fort Wayne, Indiana. 
RICHARDS, WALTER A., 

Chicago, Hlinois. 

RIGBY, JOHN, Director, 

John Rigby & Sons, Ltd., 
Manchester, England. 

RIVIERE, JORGE A., Manager Wire Works, 
Riviere y Cia, 

Barcelona, Spain. 

ROTH, RALPH B., Purchasing Agent, 
Ludlow Saylor Wire Co., 

St. Louis, Missouri. 

ROYLE, CHAS. J., Secretary, 
Hudson Wire Company, 
Ossining, New York. 

RUTHERFORD. F. H., Superintendent, 
B. Greening Wire Co., Ltd., 
Hamilton, Ontario, Canada. 

RYAN, L. A., Asst. to President, 
Fiske Brothers Refining Co., 

New York, N. Y. 

SCHUELER, JULIAN L., Chief Metallurgist, 
Continental Steel Corporation, 
Kokemo, Indiana. 

SCHWARTZ, WM., Head of Dept., 
Anton Smit & Company, 

New York, N. Y. 

SEIBERT, CHAS. G., Secy. & Supt., 
La Consolidada, S. A. 

Mexico City, Mexico. 

SELBY, C. H., Managing Director. 
British Ropes Canadian Factory, Ltd., 
Granville Island, Vancouver, B. C. 

SHERMAN, WALDO L., Sales Manager, 
John Robertson Co., Inc., 

Brooklyn, N. Y. 

SIMMONS, R. S., Manager Research Dept., 
Pittsburgh Steel Company, 
Monessen, Pennsylvania. 

SLEEPER, FRANK H., President, 
Sleeper & Hartley, Inc., 

Worcester, Mass. 

SOMERS, J. L., Asst. Gen. Manager, 
Texas Nail & Wire Mfg. Co., 
Galveston, Texas. 

SOMERVILLE, W. E., President, 

W. E. Somerville Co., 
Coal City, Illinois. 

SOMMER, D. P., V. P. & Gen. Supt., 
Keystone Steel & Wire Co., 

Peoria, Illinois. 

SPRUANCE, F. P., Sales Manager, 
American Chemical Paint Co., 
Ambler, Pennsylvania. 

STIEFEL. I. B.. Superintendent, 

Mill & Fdry. Division, 
Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Penna. 
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SULLIVAN, F. W., Treasurer, 
Greif Bros. Cooperage Co., 
Cleveland, O. 

SYMONDS, GEO. HENRY, Managing Director, 

R. H. Symonds, Ltd., 
Valour Works, Enfield, 
Middlesex, England. 

THOLAND, NILS K. G., 
Ekstrand & Tholand, 
New York, N. Y. 

THOMAS, EARLE H., Superintendent, 
Geo. W. Prentiss & Co., 

Holyoke, Mass. 

THOMPSON, F. R., Works Manager, 
Gulf States Steel Co., 

Alabama City, Alabama. 

TREUTING, HERBERT R., Supt. Amaloy Div., 
American Machine & Foundry Co., 
Brooklyn, N. Y. 

VAN HOOK, CHAS. F., Manager, 

Cable & Wire Machinery Div., 
Watson Machine Co., Paterson, N. J. 

VAUGHN, L. A., President, 

Vaughn Machinery Co., 
Cuyahoga Falls, Ohio. 

WARD, J. CARLTON, JR., Asst. to President, 
United Aircraft Corporation, 

East Hartford, Connecticut. 

WEBB, E. H., President, 
Webb Wire Works, 

New Brunswick, N. J. 

WESTPHAL, FREDERICK A., Superintendent 
Wire Department, 

Sheffield Steel Corporation, 
Kansas City, Missouri. 

WHITNEY, LESLIE C., Chief Metallurgist, 
Copperweld Steel Company, 

Glassport, Pennsylvania. 

WHYTE, R. B., General Superintendent, 
MacWhyte Company, 

Kenosha, Wisconsin. 

WIGGINS, C. R., Metallurgist, 
Republic Steel Corporation, 
Chicago, Tllinois. 

WILEY, WILLIAM G., Metallurgical Engineer, 
General Cable Corp., 

New York, N. Y. 

WITHINGTON, ROBT. W., President, 
American Insulating Machy. Co., 
Philadelphia, Penna. 

WOOD, H. A., General Manager, 

E. H. Edwards Company, 
San Francisco, Calif. 

WOODFORD, F. M., Manager, 

Die & Tool Dept., 
Bissett Steel Co., 
Cleveland, Ohio. 

YORT, A. O., Superintendent, 

Wire & Tack Mill, 
Republic Steel Corp., 
Grand Crossing Works, 
So. Chicago, Ill. . 

YOUNG, LAFE, General Superintendent, 
Laclede Steel Company, 

Alton, Illinois. 

ZAPP. A. R., Manager, 
Firthaloy Division, 
Firth Sterling Steel Co., 
McKeesport, Penna. 


+ + + 


THERE WILL BE A REGISTRATION 
FEE OF $5.00 
FOR THOSE ATTENDING 
THE TECHNICAL SESSIONS AND 
INFORMAL MEETINGS 
ADMISSION WILL BE BY BADGE 
ONLY 
+e 
To Those Registering and Attending the 


Meetings stenographic copies of the 
discussions will be available at $2.50 per 


copy. 
To all others $5.00 per copy. 


AKE YOUR PLANS NOW TO 
M COME TO THE WIRE 
ASSOCIATION MEETING 














for Acid Solutions 


Above: Duriron Y valve, Duriron Plunger-Release valve, Duriron- 
Nordstrom lubricated valve. 


a of them are highly resistant to most corrosive solutions used in 
Industry. Economical to use; save time and money ordinarily spent 
on replacements of cheaper and less resistant valves. 


HESE sizes carried in stock—special sizes made to order promptly: 
Y valves—%”, 1”, 114”, 2”, 3”, 4”, 6”, 8”. P. R. valves—1” 1%”, 2’, 
3”,4”. Duriron-Nordstrom valves—1”, 1142”, 2” 216”, 3”, 4”, 6”. 


—— for Bulletin 161 for more complete information. 


THE DURIRON COMPANY, Inc. 


445 N. Findlay St. Dayton, Ohio 














RODINE 


for 
PICKLING 


++ + 
RODINE, added to the pickling bath, 
saves acid and metal, 
and 
lowers pickling costs. 


Another advantage is perfectly pickled work. That’s why pro- 
gressive pickling departments use RODINE. 


ac Send for Bulletin No. 15 ‘+ ee 


American Chemical Paint Co. 
AMBLER, PENNA. 


General Offices and Factory 
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“Diamond Dies Are Good or Bad 
As The Integrity of The Die 
Manufacturer Is Good or Bad” 


Says in its Year Book, one of the best authority 
on Diamond Dies, the Association of Wire Rod 
& Tube Die Manufacturers, Inc. 


+++ 


\WE invite customers to investigate the reputation, 
standing and stability of the Balloffet organization. 


+ + + 


Balloffet Diamond Wire Dies Co., Inc. 


Manufacturers of Quality Diamond Dies Since 1870 
13-15 East 22nd Street 
New York 


New York — Worcester — Paris — Lagnieu — Trevoux — London — 
Milano — Tokio — Goteborg — Vienna — Berlin — Toronto 















Y The Wire That Serves 
You Right! 


That’s what wire converters are learning 
to say about KEYSTONE—and that’s why 
so many well known concerns are turning 
to KEYSTONE for all their wire needs. 












Galvanized, tinned, coppered, liquor finish, 
annealed (low, medium, high carbon) 
KEYSTONE’S skilled organization, long 
experience, laboratory tests, up-to-date 
equipment, careful inspection, produces 
wire for your needs just the way 
you like it. 













eee 







Manufacturers of wire for every 
purpose from paper clips to tele- 
phone lines. 


KEYSTONE STEEL 
& WIRE CO. 


Peoria, Ill. 
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116 Approved American Stand- 
ards Shown In Bolt, Nut and Rivet 
Institute's Handbook 


PPROVED standards of the 

bolt, nut, and rivet industry 
have been compiled by the Com- 
mittee on Standards and Technical 
Practices of the American Institute 
of Bolt, Nut, and Rivet Manu- 
facturers and are now available in 
a loose-leaf volume. Standards for 
bolts, screws, nuts, rivets, threads, 
and packing are included in the 
volume. Illustrations are  pub- 
lished in each standard. Of the 
145 detailed standards shown in 
the book, 116 have been approved 
by the American Standards As- 
sociation. 

+ + + 

HE compilation of the book 

was undertaken in order to 
assemble the present adopted 
standard practices of the bolt, nut, 
and rivet industry in one volume. 
It is also expected to provide a 
means whereby further unification 
can be carried on progressively so 
that all commercial practices of the 
industry may be standardized 
eventually. 


++ + 
LL standards originate in the 
industry and requests for 
standards are first tabulated by 
the Institute office and then sent to 
the members, as proposed stand- 
ards, for criticism and comment. 
These comments then provide the 
basis upon which the proposed 
standard is revised by the Com- 
mittee on Standards and Technical 
Practices. After revision the pro- 
posed standard is distributed to 
the members for final review and 
presentation at an open meeting 
of the Institute for adoption. 
+++ 
Standards Subject to Revisions 


HE adopted standards are sub- 
ject to change whenever im- 
portant changes occur in consumer 
demands, or when developments in 
manufacture indicate the advis- 
ability of revision in present ac- 
cepted practices. 
++ + 
SECTION is provided in the 
Standards book for the inser- 
tion of proposed standards, which 
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will be published on a different 
color paper from that used for 
adopted standards. 
+++ 
OR approval by the American 
Standards Association, the 
Institute submits a standard which 
has already been approved by the 
bolt, nut, and rivet industry to the 
ASA, where it goes through the 
regular American Standards As- 
sociation procedure. The approval 
of a majority of consumers and 
manufacturers is required before 
the proposed standard is certified 
as an American Standard. 
+ + + 
New Bulletin on Paper-Insulated 
Cable 
HE latest edition of the Gen- 
eral Electric bulletin GEA- 
1278B on paper-insulated cable is 
now ready for distribution. This 
new bulletin describes, in detail, 
four major improvements—com- 
pack-strand conductor, paper in- 
sulation applied in graduated 
layers, treatment with carbon- 
dioxide gas, and hydrogen-pro- 
cessed lead-sheath. 
++ + 
N addition, the four general 
types of paper-insulated cable 
—oil-filled, shielded Type H, non- 
shielded, and Pyranol—are des- 
scribed in detail. Insulation thick- 
ness and other data are also in- 
cluded. 


+++ 
HIS is a companion book to the 
following General Electric 


publications: GEA-1837—How to 
Select Insulated Cable, GEA-1839 
—Cable Accessories, and GEA-1731 
—How to Make Cable Joints. GEA- 
1837 is, at present, out of print, 
but copies of the other two books 
are available. 
+ + + 
HE Sleeper & Hartley Company 
of Worcester, Mass., manufac- 
turers of Spring Machinery, (heli- 
cal & torsion) Flexible Casing Ma- 
chinery, Cable Armoring Machin- 
ery, Flexible Tube Machinery and 
Wire Mill Machinery has appointed 
P. S. McCutcheon and W. H. Blount 
to the active management of its 
properties. 
+ + + 
Mr. C. S. Arms continues as Con- 
sulting Engineer on Wire Mill 
equipment. 


September, 1935 





REPLACE OBSOLETE Gy aaamele 


“Cut Your Cutting Cost” ~ cng: 





ACCURATE STRAIGHTENING 


UNIFORM LENGTHS, HIGH PRODUCTION 
ARE ALL AVAILABLE ON 
MODERN LEWIS WIRE STRAIGHTENING AND 


CUTTING MACHINES. 
BUILT FOR STEEL MILL PRODUCTION REQUIREMENTS 


THE LEWIS MACHINE COMPANY 


1603 E. 24th St. Cleveland, Ohio 











APCO , 


HIGH SPEED 
BRAIDER CARRIERS 


HIS new Braider Carrier is destined to be 

universally adopted wherever increased 

output and a higher grade of finished work is 
desired at a lower cost of production. 








E are prepared to demonstrate that these 
carriers will increase your output over 
your present equipment. 


NIFORM tension and higher speed are the 
prominent features of this carrier 





O alteration of present equipment neces- 
sary in installing these carriers. 


Apco “High Speed” 
Carrier 





Manufacturers of a complete line of steel reels and spools for the handling 
and shipping of wire. Also steel bobbins for wire weaving. Samples or 
quotation on your own specifications furnished on request. 


APCO MOSSBERG CORPORATION 


(FRANK MOSSBERG CORP.) 
Lamb Street, ATTLEBORO, MASS. 
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WE EXTEND OUR GREETINGS 
TO THE MEMBERS OF 
THE WIRE ASSOCIATION 


++ 


STEELSKIN 


REG. U. S. PAT. OFFICE 


For High or Low-Carbon Wire 


WIRE DRAWING SOAPS 


Established 30 years. 


R. H. MILLER CO., Inc. Homer, N. Y. 








—~DESCO- 


A PICKLING STABILIZER 4 « 4 
FOR CARBON STEELS « « 4 


AAA 


The strong passivating effect of this excellent 
| inhibitor insures a bright finish and forms a 
sound basis for a bright drawing technique— 


Aaa 


DELANY CHEMICAL Co. 


COTTMAN AND MILNOR STS., 
PHILADELPHIA, PA. 








Hard and Soft Copper Wire 
(Continued from page 396) 


to 


. Gough—Trans. A. S. T. M., Vol. 33, 
1933, Page 47. 

3. W. H. Bragg—Nature, Vol. 113, 
1924, Page 639. 

4. W. A. Wood—Nature, Phil. Mag. 
Vol. 7, No. 14, 1932, Page 656. 

. Pilling and Halliwell—Trans. A. S. 
T. M., 1925, Part II, Vol. 25, Page 
97-119. 

6. Alkins & Cartwright, Jr. Br. Inst. 
Metals, 1933, No. 2, Vol. 52, Page 
238. 

7. Wood, W. A., Phil. Mag. Vol. 10, 
Dec. 1930. 

8. Bassett & Davis, Trans. A. I. M. E. 
1919, 60, 42-81. 

9. Angus & Summers, Jr. Br. Inst. 
Metals, 1925, No. 1, Vol. 33, Page 
125. 

10. Webster, Christie & Pratt, Trans. 
A. I. M. E., Vol. 104, 1933, Page 
166, Inst. Metals Division, and 
Trans. A. I. M. E., 1927, 233, Inst. 
Metals. Division. 

11. Drier, Wire & Wire Products, June, 

1935, Vol. 10, No. 6, Page 230-235. 


or 


+ + + 


A Review of Recent Wire Patents 
(Continued from page 435) 


No. 2,009,573, APPARATUS FOR 
DRY GALVANIZING WIRE, Patented 
July 30, 1935, by Albert F. Bradley, 
Sterling, Ill., assignor to Northwestern 
Barb Wire Company, Sterling, IIl., a 
corporation of Illinois. 

For sherardizing wire, this inventor 
provides an apparatus comprising a re- 
tort having a lower combustion cham- 
ber and an upper separate for contain- 
ing a bed of zine dust, agitating devices 
being mounted in the upper chamber 
and having fingers extending into the 
bed of zine dust, there being apertured 
in the end wall of the upper chamber 
for the passage of wire to this bed of 
zine dust. The wire fingers are recip- 
rocated in direction parallel to the wire 
during operation of the device. 


+++ 





To Those Registering and Attend- 
ing the Wire Association Meetings 
stenographic copies of the discus- 
sions will be available at $2.50 per 
copy. 


To all others $5.00 per copy. 
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Modern Acid Handling Method 
Lower Pickling Costs 
(Continued from page 410) 


a signal for immediate investiga- 


tion and action. 
+ + + 


T is a tribute to the vision and 
progressive spirit of the steel 
men of today that the traditional 
complacent attitude in regard to 
pickling room wastes and hazards 
has almost disappeared. Costs per 
ton are being steadily reduced and 
working conditions immeasurably 
bettered by the increasing effort 
devoted to more efficient and saf- 

er methods of handling acid. 

+ + + 
Exports and Imports 
(Continued from page 433) 


XPORTS of iron and steel wood 


screws during June, 1935, 
totaled 15,943 gross valued at 
$2,084. Of this total Cuba took 


3,353 gross valued at $548; Vene- 
zuela 2,483 gross valued at $226; 
Colombia 2,067 gross valued at 
$281; Costa Rica 1,482 gross 
valued at $202; Union of South 
Africa 972 gross valued at $112; 
Canada 850 gross valued at $99. 
+ + + 
XPORTS of brass wood screws 
during the same period totaled 
4,225 gross valued at $1,438. Of 
this amount Cuba took 1,810 gross 
valued at $407; Venezuela 1,078 
gross valued at $434; Canada 471 
gross valued at $272; Netherland 
West Indies 341 gross valued at 
$98. 
+ + + 

MPORTS of wood screws during 

the same period amounted to 
32,865 gross valued at $2,658 of 
which Canada supplied 16,510 gross 
valued at $964 and Sweden 15,283 
gross valued at $1,194. 





Manufacturers of materials, tools and 
equipment for wire drawing and form- 
ing plants are constantly making im- 
provements and additions to their lines. 
If you do not find the product or ser- 
vice in which you are interested, ad- 
ditional information will be supplied 
promptly. Simply. address: 


WIRE & WIRE PRODUCTS 
17 East 42nd Street New York City 


é 














AKE YOUR PLANS NOW TO 





For Nearly Fifty Years Our 
Products Have Been Standard 


for 
The Wire Industry 
“Regular” — “English” — “B” Brands 


Wire Drawing Powders 


Samples and prices sent upon request. 


The J. T. Robertson Co., Inc. 
143-151 Richmond Ave. SYRACUSE, N. Y. 








Learn about PARALAN 


Paralan will give your finished wire and wire products 
protection from atmospheric corrosion in the mill and in 
shipping. Paralan-coated wire can be spot welded or 
soldered without cleaning. Also, Paralan leaves surfaces 
in good condition for all types of finishes—enameling, 
japanning, lacquering, plating, etc. 


Write for further information. We may be able to solve 
your difficulties. 


AMERICAN LANOLIN CORP. 


ILAWRENCE, MASSACHUSETTS 




















~ Aimeo | New Wire tiestaung Machine 


operate. Ball bearings throughout, helical 
gears, and Vee belt spindle drives. 
Versatile—applying cotton, silk, paper, cello- 
phane or cellulose acetate tape with equal 
facility and at high speeds. 


Preduction figures gladly furnished. 
Alco INC.I9IS 


Aiea 


EST. 186s 


€ of SSL ECOMPANY 


Cmnate.us oat.ore. Par. Orr. 


517 West Huntingdon St. 


-Pennsvivania USA 








| 


Simple in construction, high speed produc- | 
tion, moderate in price, and costs little to 














Patents—Trade Marks 


Before disclosing your inventions to anyone send for blank form “Evidence 
of Conception” and instructions “How to Establish Your Rights”. 





All cases submitted given personal attention by members 
of the firm. Information and booklet free. 





Lancaster, Allwine & Rommel 


PATENT LAW OFFICES 
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7 remier 


Reduce Rejects 
Give Be 
Hold To Si 
Cast Straight ” 


tter Finish 
ze Longer 
Block 





HARRISON: NEW JERSEY 











7 nm) BISCO 
Ni], TUNGSTEN CARBIDE DIES 
VAN For Wire, Rod and Tubing 
* Round and Special Shapes 
TUNGSTEN ELECTRIC CORP. 
BISSETT STEEL DIVISION 
Cleveland 
Chicago 


Cincinnati Philadelphia 











VIANNEY 


The largest stock of diamond dies 
in the world—immediate deliveries 
always. 


DIES FOR ALL FINE SIZE 
WIRE 





Wire Mill Equipment, Stranding, 
Insulating, Drawing, Welding 
Thomson-Judd Wire 
Machinery Co. 
Subsidiary of 
Thomson-Gibb Electric Welding Co. 
Lynn, Massachusetts. 








RUESCrH 


Machinery For 
Wire, Tube, And Brass Mills 
409 Mulberry St., Newark, N. J. 














The Effect on the Physical Prop- 
erties of Bending Copper Wire 
of Different Grain Sizes 


(Continued from page 380) 


same depending on the initial hard- 
ness of the wire. In the case of 
annealed wire the bending always 
increases the stiffness. The per- 
centage increase varies inversely 
with the initial hardness and ap- 
pears to be independent of the 
amount of previous reduction. A 
decrease in stiffness occurs only 
with hard wire. The amount of 
decrease is comparatively slight 
and does not show the uniform 
variation with hardness observed 
in the annealed wire. 


¢ + + 


NCREASING the annealing tem- ° 


perature up to approximately 
700 deg. C. decreases the stiffness 
developed under all conditions. 
Wire annealed at 800 deg. C. had 
higher bend test values than that 
annealed at 700 deg. C. The tem- 
perature which will produce mini- 
mum stiffness has not been deter- 
mined exactly and probably varies 
somewhat with the amount of pre- 
vious reduction and the composi- 
tion of the copper. Of more prac- 
tical value is the fact that wire 
which has been annealed at tem- 
peratures close to the recrystal- 
lization point may meet all require- 
ments as to tensile strength and 
elongation yet be entirely unsat- 
isfactory for many uses. 


+ + + 


References 
(1) Zeitschrift fur Metallkunde 1921 


p. 557 

(2) Journal of the Institute of Metals 
1934 Vol. 55 

(3) Proc. Inst. Metals Div., A. I. M. E., 
1933. 





NO CHARGE FOR LISTING OR 
ADVERTISING USED 
MACHINERY 


If You Want To Buy Or Sell—Write Us 


DUNSCOMB ASSOCIATES 
Box 321 c/o Wire & Wire Products 
17 E. 42nd St., New York, N. Y. 














WANTED 


Salesman for 
Wire and wire products 
By nationally known 
Wire manufacturer 
Address in confidence 
Box 101 
WIRE AND WIRE PRODUCTS 
17 E. 42nd St., New York, N. Y. 














Kenneth B. Lewis 


CONSULTING ENGINEER 


Wire Mill Equipment, Layout and 
Practice 


17 East 42nd St. 43 Midland St. 
New York City Worcester, Mass. 
Phone: Murray Hill 2-4188 

Phone 5-6033 














New Products Development Corp. 
Consulting and Research Engineers 
Specializing in developing new wire products, 
manufacture of wire, insulated wire and high 

tension cable. 
Standard and special equip ts developed 
built and installed. Any problem you may 
have, we solve it if you consult us. 
Phone: Yonkers 3727 
20 So. Broadway, Yonkers, N. Y. 














PAPER CABLE FILLER 
FOLDED PAPER FLATS 
PAPER INSULATION YARNS 


E. W. TWITCHELL, INC. 
Formerly National Patent Reed Co. 

















STRIP 


3rd & Somerset Sts. Phila., Pa. 
AND 


ZINC WIRE 


THE PLATT BROS. & CO. 
WATERBURY, CONN. 

















Broden Construction Co. 
Wire Mill and Cold 
Rolling Equipment 


10255 Harvard Ave. 
CLEVELAND, OHIO 

















WIRE DRAWING MACHINERY AND 
EQUIPMENT 
Rod Frames—16” Frames, 8” Frames 
—Take-Up Frames, Wire Pointers— 
Puller Tongs. 
General Castings for Wire Mill use. 
Circulars on Request. 


E. J. SCUDDER FOUNDRY & 
MACHINE CO. 
TRENTON, N. J. 
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r Continuous Straightening 
i and Cutting Machinery Wire 

r With Drawing 

“Gate, Diamond 
$1.00 Saves $1.50 FLYING SHEAR 


Dies 
for round and shaped wire. 


100% INHIBITOR COCILA UD 
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THE HALLDEN MACHINE 
The Se Co. COMPANY 300 W. 56th ST.. NEW YORK 


2 THOMASTON CONNECTICUT Tel. Col. 5-1340 
Pittsburgh, Pa. 
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PUYVYEBRSD GUIDE 


For more complete information, consult the annual Directory, Index & Buyers’ Guide. 

















ABRASIVES— 
Norton Co., Worcester, Mass. 


ANNEALING POTS AND BOXES 
Seudder, E. J., Fdry. & Machine Co., 
Trenton, N. J. 


ARMORING EQUIPMENT 
Amer. Insulating Mach’y Co., Phila., Pa. 
New England Butt Co., Providence, R. I. 
Sleeper & Hartley, Inc., Worcester, Mass. 
Watson Machine Co., Paterson, N. J. 


BAKERS 
Morgan Construction Co., Worcester, Mass. 
Morrison Engineering Co., Cleveland, O. 
Vaughn Machinery Co., Cuyahoga Falls, O. 


BORON CARBIDE— 
Norton Co., Worcester, Mass. 


BRAIDER CARRIERS 
Apco Mossberg Corp., Attleboro, Mass. 
Mossberg Pressed Steel Corp., Attleboro, 
Mass. 


CEMENTS—Refractory 
Norton Co., Worcester, Mass. 


CHEMICALS—Cleaning 
Amaloy, Div. of Amer rican Machine & 
Foundry Co., New York, = 
American Chemical Paint Co., Ambler, Pa. 
Delany Chemical Co., Tacony Station, 
Philadelphia, Pa. 


CLEANING & PICKLING 


EQUIPMENT 

Broden Construction Co., Cleveland, O. 
Duriron Co., The, Dayton, O 

Morgan Construction Co., Worcester, Mass. 
Vaughn Machinery Co., Cuyahoga Falls, O. 


COATING—Protective 
Amaloy, Div. of American Machine & 
Foundry Co., New York, N. Y. 
American Lanolin Corp., Lawrence, Mass. 


COILERS—Sheet, Strip and Wire 
Borden Construction Co., Cleveland, O. 
Farrel-Birmingham Co., Inc., Ansonia, Conn. 
H. J. Ruesch Machine Co., Newark, N. J 


COLD HEADERS— 


Ajax Manufacturing Co., Cleveland, O. 


CONDUITS—Iron and Stee] 
Youngstown Sheet & Tube Co., Youngstown, 


Ohio 
COPPER— 
U. S. Metals Refining Co., 
CRANES—Wire Mill 
Cleveland Electric Tramrail Div., of Cleve- 
land Crane & Eng. Co., Cleveland, O. 
Morgan Construction Co., Worcester, Mass. 
Vaughn Machinery Co., Cuyahoga Falls, O. 


DIES—Diamond 
a Diamond Wire Dies Co., Inc., N. 


= a 
Cochaud Wire Die Co., New York. 
Driver-Harris Co., Harrison, N. J. 
Kelly Wire Die Corp., New York. N. Y. 
Union Wire Die Corp., New York, N. Y. 
Vianney Wire Die Works, New York. 


DIES—Lead Extrusion 
John Robertson Co., Brooklyn, N. Y. 


DIES—Repairs & Re-Cutting 
Cochaud Wire Die Corp., New York. 
Driver-Harris Co., Harrison, N. J. 
Firth-Sterling Steel Co., McKeesport, Pa. 
Kelly Wire Die Corp., New York. N. 
Union Wire Die Corp., New York, N. Y. 
Vianney Wire Die Wks., me 


DIE REAMING LATHES— 


Hardinge Brothers, Inc., Elmira, N. Y. 


DIES—Rod and Tube Drawing 

Bissett Steei Co., Div. of Tungsten Electric 
Co., Cleveland, O. 

Carboloy Co., Inc., Newark, N. J. 
Firth-Sterling Steel Co., McKeesport, Pa. 
Kelly Wire Die Corp., New York, N. Y. 
Master Wire Die Corp., New York, N. Y. 
Union Wire Die Corp., New York, N. Y. 
Vanadium Alloys Steel Co., Pittsburgh, Pa. 
Vianney Wire Die Works, New York, N. Y. 


DIES—Tantalum Carbide 
Bissett Steel Co., Div. of Tungsten Electric 
Co., Cleveland, O. 
Kelly Wire Die Corp.. New York, N. Y. 
Vanadium Alloys Steel Co., Pittsburgh, Pa. 
Vianney Wire Die Works, ‘New York, ) 


New York, N. Y. 
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DIES—Tungsten Carbide 
Bissett Steel Co., Div. of Tungsten Electric 
Corp., Cleveland, O. 

Carboloy Co., Inc., Newark, N. J. 
Driver-Harris Co., Harrison, N. J. 
Firth-Sterling Steel Co., McKeesport, Pa. 
Kelly Wire Die Corp., New York, N. Y. 
Master Wire Die Corp., New York, N. Y. 
Union Wire Die Corp., New York, N. Y. 
Vanadium-Alloys Steel Co., Pittsburgh ,Pa. 
Vianney Wire Die Works, New York, N. Y. 


Dea BENCHES 
J. Ruesch Machine Co., Newark, N. J. 
on E. J., Fdry. & Machine Co., Tren- 
ton, N. J. 
Vaughn Machinery Co., Cuyahoga Falls, O. 


ENGINEER—Consulting Wire Mill 
Lewis, Kenneth B., New York, N. Y. 
ENGINEERS—CONSULTING— 
Non-ferrous Mill 
New ——— Development Corp., Yonkers, 


I 


EYELETS—Brass or Zinc 
Platt Bros. & Co., The, Waterbury, Conn. 


FILLERS—Paper for Cable 
E. W. Twitchell, Inc., Phila., Pa. 


FURNACES—Annealing 
Bellis Co., Branford, Conn. 
Electric Furnace Co., Salem, O. 
General Electric Co., Schnectady, N. Y. 
Surface Combustion Co., Toledo, O. 
FURN ACES—Automatic 
Electric Furnace Co., Salem, O. 
General Electric Co., Schnectady, N. Y. 
Surface Combustion Co., Toledo, O. 
FURNACES—Bright Annealing 
Bellis Co., Branford, Conn. 
Electric Furnace Co., Salem. O. 
General Electric Co., Schnectady, N. Y. 
Surface Combustion Co., Toledo, O. 
FURNACES—Electric 
Bellis Co., Branford, Conn. 
Electric Furnace Co., Salem, O. 
General Electric Co., Schnectady, N. Y. 
‘Surface Combustion Co., Toledo, O. 


FURNACES—Lead Melting 
Electric Furnace Co., Salem, O. 
General Electric Co., Schnectady, N. Y. 
John Robertson Co., Brooklyn, N. Y. 
Surface Combustion Co., Toledo, O. 


FURNACES—Non-Oxidizing 
Bellis Co., Branford, Conn. 
Electric Furnace Co., Salem, O. 
General Electric Co., Schnectady, N. Y. 
Surface Combustion Co., Toledo, O. 


FURNACES—Wire, Strip and Sheet 
Bellis Co., Branford, Conn. 
Flectric Furnace Co., Salem. 0. 
General Electric Co., Schnectady, N. Y. 
Surface Combustion Co., Toledo, O. 
GFARS—Wire Mill 
Farrel-Birmingham Co., Inc., Ansonia, Conn. 
Lewis Foundry & Machine Co., Pittsburgh, 
Pa. 


GRINDERS—Rol] 
Farrel-Birmingham Co., Inc., Ansonia, Conn. 
Norton Co., Worcester, Mass. 


HANDLING EQUIPMENT—Material 
Cleveland Electric Tramrail, Div. of Cleve- 
land Crane & Eng. Co., Wickliffe, O. 


INHIBITORS 
American Chemical Paint Co., Ambler, Pa. 
Delany Chemical Co., Tacony Station, 
Philadelph‘a. Pa. 
Parkin Co., The Wm., Pittsburgh, Pa. 
INSULATION—Cable or Cable Filler 
E. W. Twitchell, Inc., Phila., Pa. 


LATHES—Die Reaming 
Hardinge Brothers, Inc., Elmira, N. Y. 
Morgan Construction Co., Worcester, Mass. 
Vaughn Machinery Co., Cuyahoga Falls, O. 


LATHES—PRECISION— 

Hardinge Brothers, Inc., Elmira, N. Y. 
LIME—Pulverized 

Amer. Lime & Stone Co., Bellefonte, Pa. 


LUBRICANTS—Wire Drawing 
Amaloy, Div. of American Machine & 
Foundry Co., New York, N. Y. 
R. H. Miller Co.. Homer, N. Y. 
J. T. Robertson & Co., Syracuse, N. Y. 


MACHINERY—Armoring (Cable, 


Wire Hose) 

American Insulating Mach’y Co., Phila., Pa. 
New England Butt Co., Providence, R. I. 
John Robertson Co., Brooklyn, N. Y 
Sleeper & Hartley, Inc., Worcester, Mass. 
Thomson-Gibp Electric Welding Co., Lynn, 


Mass. 
Watson Machine Co., Paterson, N. J. 


MACHINERY—Braiding 
Mossberg Pressed Steel Co., Attleboro, Mass. 
New England Butt Co., Providence, 
Watson Machine Co., Paterson, N. J. 
MACHINER Y—Brazing 
Thomson-Judd Wire Machinery Co., Lynn, 
Mass. 
MACHINERY—Bunching 
Amer. Insulating Mach’y Co., Phila., Pa. 
New England Butt Co., Providence, R. I. 
Sleeper & Hartley, Inc., Worcester, Mass. 
Watson Machine Co., Paterson, N. J. 
MACHINERY—Bundling, Scrap 
Sleeper & Hartley, Inc., Worcester, Mass. 
Vaughn Machinery Co., Cuyahoga Falls, O. 
Watson Machine Co., Paterson, N. J. 
MACHINERY—Cable, Electric 
American Insulating Machinery Co., Phila- 
delphia, Pa. 
New England Butt Co., Providence, R. I. 
Thomson-Gibb Electric Welding Co., Lynn, 
Mass. 
Watson Machine Company, Paterson, N. J. 
MACHINERY—Chain Making 
M. A. Irmisher, Inc., New York, N. Y. 
Vaughn Machinery Co., Cuyahoga Falls, O. 
MACHINERY—Closing 
New England Butt Co., Providence, R. I. 
Watson Machine Co., Paterson, N. J. 


MACHINERY—Coil Winding 


Sleeper & Hartley, Inc., Worcester, Mass. 


MACHINERY—Coilers 
Broden Const. Co., Cleveland, O. 
Farrel-Birmingham Co., Inc., Ansonia, Conn. 
Morgan Const. Co., Worcester, Mass. 
H. J. Ruesch Machine Co., Newark, N. J. 
Sleeper & Hartley, Inc., Worcester. Mass. 
Waterbury-Farrel Foundry & Machine Co., 

Waterbury, Conn. 

Watson Machine Co., Paterson, N. J. 


MACHINERY—Cold Heading With 


Wire Drawing Attachment 
Ajax Manufacturing Co., Cleveland, O. 


MACHINERY—Cold Working Nut 


Presses 
M. A. Irmisher, Inc., New York, N. Y. 


MACHINERY—Copper Wire Draw- 
ing and Rolling 
Farrel-Birmingham Co., Inc., Ansonia, Conn. 
H. J. Ruesch Machine Co., Newark, N. J. 
Vaughn Machinery Co., Cuyahoga Falls, O. 
Waterbury-Farrel Foundry & Machine Co., 
Waterbury, Conn. 


MACHINERY—Cutting 
Rroden Construction Co., Cleveland. O. 
Farrel-Birmingham Co., Inc., Ansonia, Conn. 
Hallden Machine Co., Thomaston, Conn. 
Lewis Machine Co., Cleveland, O. 
F B. Shuster Co.. New Haven, Conn. 
W. A. Schuyler, New York, N. Y. 
Sleeper & Hartley, Worcester, Mass. 


MACHINERY—Enameling 


American Insulating Mach’y Co., Phila., Pa. 


MACHINER Y—Extruding 
John Robertson Co., Brooklyn, N. Y. 
Watson Machine Co., Paterson, N. J. 


MACHINERY—Flat Wire 
Broden Construction Co., Cleveland, O. 
H. J. Ruesch Machine Co., Newark, N. J. 
Sleeper & Hartley, Inc., Worcester, Mass. 


M ACHINER Y—Forming 
M. A. Irmisher, Inc., New York, N. Y. 
Sleeper & Hartley, Inc., Worcester, Mass. 


MACHINERY—Galvanizing Wire 
Broden Construction Co., Cleveland, O. 
Sleeper & Hartley, Inc., Worcester, Mass. 
Vaughn Machinery Co., Cuyahoga Falls, O. 


MACHINERY—Gang Winders 
H. J. Ruesch Machine Co., Newark, N. J. 
Watson Machine Co., Paterson, N, J 
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MACHINER Y—Grinding 
Norton Co., Worcester, Mass. 


MACHINERY—Insulating 
American Insulating Machinery Co., Phila. 
New England Butt Co., Providence, R. I. 
Watson Machine Co., Paterson, N, J. 


MACHINERY—Lead Encasing 
Presses, etc. 
John Robertson Co., Brooklyn, N. Y. 


MACHINERY—Lead Stripping 
John Robertson Co., Brooklyn, N. Y. 
Watson Machine Co., Paterson, N, J. 


MACHINERY—Lock Washer 
Sleeper & Hartley, Inc., Worcester, Mass. 


MACHINERY—Magnet Wire 
American Insulating Mach’y Co., Phila., Pa. 
Sleeper & Hartley, Inc., Worcester, Mass. 


MACHINERY—Material Handling 
Cleveland Electric Tramrail Div. of Cleve- 
land Crane & Engineering Co., Wickliffe, 


Ohio. 
MACHINERY—Measuring Wire & 
Cable 
New England Butt Co., Providence, R. I. 
Watson Machine Co., Paterson, N. J. 
MACHINERY—Nail and Tack 
M. A. Irmisher, Inc., New York, N. Y. 
Sleeper & Hartley, Inc., Worcester, Mass. 


MACHINERY—Netting (Wire) 
M. A. Irmisher, Inc., New York, N. Y. 


MACHINERY—Nut Presses 
M. A. Irmisher, Inc., New York, N. Y. 


MACHINERY—Panning 


American Insulating Machinery Co., Phila. 


MACHINERY—Pointing 

Broden Construction Co., Cleveland, O. 

H. J. Ruesch Machine Co., Newark, N. J. 

E. J. Scudder Foundry & Machine Co., 
Trenton, N : 

Sleeper & Hartley, Inc., Worcester, Mass. 

Vaughn Machinery Co., Cuyahoga Falls, O. 

Waterbury-Farrel Foundry & Machine Co., 
Waterbury, Conn. 


MACHINERY—Rod Mill 
Broden Construction Co., Cleveland, O. 
Farrel-Birmingham Co.; Inc., Ansonia, Conn. 
Lewis F’dry & Machine Co., Pittsburgh, Pa. 
Morgan Const. Co., Worcester, Mass. 
H. J. Ruesch Machine Co., Newark, N. J. 
W. A. Schuyler, New York, N. Y. 


MACHINERY—Rolling Mill 
Rroden Construction Co., Cleveland, O. 
Farrel-Birmingham Co., Inc., Ansonia, Conn. 
Lewis F’dry & Machine Co., Pittsburgh, Pa. 
Morgan Construction Co., Worcester, Mass. 
H. J. Ruesch Machine Co., Newark. N. J. 
Waterbury-Farrel Foundry & Machine Co., 
Waterbury, Conn. 


MACHINERY—Rubber Strip 


Covering 

Farrel-Birmingham Co., Inc., Ansonia, Conn. 
New England Butt Co., Providence, R. I 
Watson Machine Co., Paterson, N. J. 


MACHINERY—Rubber Tubing and 


Straining 

Farrel-Birmingham Co., Inc., Ansonia, Conn. 
New England Butt Co., Providence, R 
Sleeper & Hartley. Inc., Worcester, Mass. 
Watson Machine Co., Paterson, N. J. 


MACHINERY—Screw Wire 


Sleeper & Hartley, Inc., Worcester, Mass. 


MACHINERY—Special 

American Insulating Mach’y Co., Phila. Pa. 
Broden Construction Co., Cleveland. O. 
Fidelity Machine Co., Philadelphia, Pa. 

H. J. Ruesch Machine Co., Newark, N. J. 
E. J. Scudder Foundry and Machine Co., 

Trenton, N. J. 

Sleeper & Hartley. Inc., Worcester, Mass. 
Watson Machine Co., Paterson, N. J. 


MACHINERY—Special—Combination 
Machine for Drawing, Cutting-to- 
length. Straightening and Reeling 
Bars from Coil in One Operation 
(Shumag Type)— 

W. A. Schuyler, New York, N. Y. 
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MACHINERY—Spooling 
American Insulating Machinery Co., Phila. 
Vaughn Machinery Co., Cuyahoga Falls, O. 
Waterbury-Farrel Foundry & Machine Co., 
Waterbury, Conn. 
Watson Machine Co.. Paterson. N. J. 


MACHINERY—Spring Making 


Sleeper & Hartley, Inc., Worcester, Mass. 


MACHINERY—Staple 
Sleeper & Hartley, Inc., Worcester, Mass. 


MACHINERY—Straightening 
Broden Construction Co., Cleveland, O. 
Hallden Machine Co., Thomaston, Conn. 
Lewis Machine Co., The, Cleveland, O. 
H. J. Ruesch Machine Co., Newark, N. J. 
W. A. Schuyler, New York, N. Y. 

F. B. Shuster, New Haven, Conn. 
Sleeper & Hartley, Inc., Worcester, Mass. 


MACHINERY—Stranding 
New England Butt Co., Providence, R. I. 
Sleeper & Hartley, Inc., Worcester, Mass. 
Yhomson-Judd Wire Machinery Co., Lynn, 
Mass. 
Watson Machine Co., Paterson, N. J. 


MACHINERY-—Strip Steel 
Broden Const. Co., Cleveland, O. 
Lewis F’dry & Machine Co., Pittsburgh, Pa. 
H. J. Ruesch Machine Co., Newark, N. J. 


MACHINERY—Swaging 
H. J. Ruesch Machine Co., Newark, N. J. 
Sleeper & Hartley. Worcester, Mass. 
Waterbury-Farrel Foundry & Machine Co., 
Waterbury, Conn. 


MACHINERY—Taping 
Amer. Insulating Mach. Co., Phila., Pa. 
New England Butt Co., Providence, R. I. 
Thomson-Judd Wire Machinery Co., Lynn, 
Mass. 
Watson Machine Co., Paterson, N. J. 


MACHINERY—Tinsel Rolling Mills 
Amer. Insulating Mach’y Co., Phila., Pa. 


MACHINERY—Trolley Wire 
Vaughn Machinery Cv., Cuyahoga Falls, O. 


MACHINERY—Tube Mill 
H. J. Ruesch Machine Co., Newark, N. J. 


MACHINERY — Turks Head — For 
Rolling Special Shaped Wire— 
Standard Machinery Co., Auburn, R. I. 


MACHINERY—Weaving (Wire)— 
M. A. Irmisher, Inc., New York, N. Y. 


MACHINERY—Welding Chain 
(Automatic) 
M. A. Irmisher, Inc., New York, N. Y. 


MACHINERY—Welding Wire 
Micro Products Co., Chicago, IIl. 
F. B. Shuster Co., New Haven, Conn. 
Thomson-Judd Wire Machinery Co., Lynn, 
Mass. 


MACHINERY—Winding 
American Insulating Mach’y Co., Phila., Pa. 
New England Butt Co., Providence, R. I. 
Sleeper & Hartley, Inc., Worcester, Mass. 
Watson Machine Co., Paterson, N. J. 


MACHINERY—Wire Drawing 


American Insulating Machinery Co., Phila. 

Broden Const. Co., Cleveland, Ohio. 

Morgan Construction Co., Worcester, Mass. 

H. J. Ruesch Machine Co., Newark, N. J. 

E. J. Scudder Foundry & Machine Co., 
Trenton, N. J. 

W. A. Schuyler, New York, N. Y. 

Sleeper & Hartley, Inc., Worcester. Mass. 

Standard Machinery Co., Auburn, R. I. 

Thomson-Judd Wire Machinery Co., Lynn, 
Mass. 

Vaughn Machinery Co., Cuyahoga Falls, 0. 

Waterbury-Farrel Foundry & Machine Co., 
Waterbury, Conn. 

MACHINERY—Wire Rope 
New England Butt Co., Providence, R. I. 
Thomson-Judd Wire Machinery Co., Lynn, 


Mass. 
Watson Machine Company, Paterson, N. J. 


MACHINERY—Wire Tinning 


American Insulating Mach’y Co., Phila., Pa. 


MACHINERY—Wrapping Wire 
W. A. Schuyler, New York, N. Y. 


MATERIAL HANDLING EQUIP- 
MEN 


Cleveland Electric Tramrail Div., of Cleve- 
land Crane & Eng. Co., Cleveland, O. 


PAPER—Insulating 
E. W. Twitchell, Inc., Phila., Pa. 
PICKLING COMPOUNDS— 


American Chemical Paint Co., Ambler, Pa. 

Delany Chemical Co., Tacony Station, 
Philadelphia, Pa. 

Parkin Co., The Wm., Pittsburgh, Pa. 


POTS—Lead Melting 
John Robertson Co., Brooklyn, N. Y. 
PRESSES—Hydraulic and 


Mechanical 
Farrel-Birmingham Co., Inc., Ansonia, Conn. 
John Robertson Co., Brooklyn, N. Y. 


PRESSES—Lead Encasing 
Farrel-Birmingham Co., Ansonia, Conn. 
John Robertson Co., Brooklyn, N. Y. 

PRESSES—Lead Extrusion 
Farrel-Birmingham Co., Ansonia, Conn, 
John Robertson Co., Brooklyn, N. Y 


PULLERS—Wire 
E. J. Scudder Fdry. & Machine Co., Tren- 
ton, N. J. 
Sleeper & Hartley, Inc., Worcester, Mass. 
PUMPS—Hydraulic 


John Robertson Co., Brooklyn, N. Y. 
REELS AND SPOOLS—AII Kinds 


American Pulley Co., Philadelphia, Pa. 

Apco Mossberg Co., Attleboro, Mass. 

Hubbard Spool Co., Chicago, Ill. 

Mossberg Pressed Steel Corp., Attleboro, 
Mass. 


REEL AND TENSION STAND— 


Sleeper & Hartley, Inc., Worcester, Maas. 


REEL CRUTCHES 
Watson Machine Co., Paterson, N. J. 


REFRACTORIES—High 
Temperature 
Norton Co., Worcester, Mass. 


ROD BAKERS— 


Morrison Engineering Co., Cleveland, O. 


RODS—Wire—Non Ferrous 
American Brass Co., Waterbury, Conn. 
Hudson Wire Co., Ossining, N. Y. 
Platt Bros. & Co., The, Waterbury, Conn. 
Seymour Mfg. Co., Seymour, Conn. 


RODS—Wire—Steel 

Continental Steel Corp., Kokomo, Ind. 

Keystone Steel & Wire Co., Peoria, Ill. 

Republic Steel Co., Youngstown, O. 

Wheeling Steel Corp., Wheeling, W. Va. 

Wickwire Spencer Steel Co., New York, 
Nz ¥; 

Youngstown Sheet & Tube Co., Youngstown, 
Ohio. 


ROLLING MILLS—See Machinery— 
Rolling Mill 


ROLLS— 
Farrel-Birmingham Co., Inc., Ansonia, Conn. 
Lewis F’dry & Machine Co., Pittsburgh, Pa. 


RUST PROOF COMPOUND 


American Lanolin Co., Lawrence, Mass. 


SHEET—Steel 
Continental Steel Corp., Kokomo, Ind. 
Republic Steel Co., Youngstown, O. 
Superior Sheet Steel Co., Canton, O. 
Wheeling Steel Corp., Wheeling, W. Va. 
Youngstown Sheet & Tube Co., Youngstown, 


SOAPS—Wire Drawing 
Amaloy Div. of American Machine & 
Foundry Co., New York, N. Y. 
R. H. Miller Co.. Homer. N. Y. 
J. T. Robertson & Co., Syracuse, N. Y. 


SPOOLS 
American Pulley Co., Philadelphia, Pa. 
Apco Mossberg Co., Attleboro, Mass. 
Hubbard Spool Company, Chicago, IIl. 
Mossberg Pressed Steel Corp., Attleboro, 
Mass. 
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STRIP—Brass, Zinc and Non Ferrous 
American Brass Co., Waterbury, Conn. 
Hudson Wire Co., Ossining, N. Y. 

Platt Bros. & Co., The, Waterbury, Conn. 
Seymour Mfg. Co., Seymour, Conn. 


STRIP—Steel 
Continental Steel Corp., Kokomo, Ind. 
Driver-Harris Co., Harrison, N. 
Firth-Sterling Steel Co., McKeesport, Pa. 
Republic Steel Co., Youngstown, O. 
Wheeling Steel Corp., Wheeling, W. Va. 


Wickwire Spencer Steel Co., New York, 


ge 
TANKS—Compound 
Watson Machine Co., Paterson, N. J. 
TREADS—Safety 
Norton Co., Worcester, Mass. 


TRUCKS 


Morgan Construction Co., Worcester, Mass. 
Vaughn Machinery Co., Cuyahoga Falls, O. 


TUBE BENDERS AND a 
H. J. Ruesch Machine Co., Newark, N. 


TURKS HEADS 
Standard Machinery Co., Auburn, R. I. 


VALVES AND FITTINGS—Acid 


Proof 
Duriron Co., The, Dayton, O. 
VULCANIZERS 


Watson Machine Co., Paterson, N. J. 


VULCANIZING PANS 


American Insulating Mach’y Co., Phila., Pa. 


WIRE—Cold Heading 


Continental Steel Corp., Kokomo, Ind. 
Keystone Steel & Wire Co., Peoria, IIl. 
Republie Steel Corp., Youngstown, O. 


Youngstown Sheet & Tube Co., Youngstown, 


O. 
WIRE—Electric 


American Brass Co., Waterbury, Conn. 
Hudson Wire Co., Ossining, N. Y 
Seymour Mfg. Co., Seymour, Conn. 


WIRE—Enameled For Coils 


Winsted Div. of Hudson Wire Co., Winsted, 


Conn. 


/{;RE—Manufacturers 

Continental Steel Co., Kokomo, Ind. 
Keystone Steel & Wire Co., Peoria, IIl. 
Republic Steel Co., Youngstown, O. 
Wheeling Steel Corp., Wheeling, W. Va. 


Wickwire Spencer Steel Co., New York, 
Baa 

Youngstown Sheet & Tube Co., Youngstown, 
Ohio 

WI1RE—Nickel Silver and Phosphor. 

Bronze 

American Brass Co., Waterbury, Conn. 

Hudson Wire Company, Ossining, N. Y. 

Seymour Mfg. Co., Seymour, Conn. 


WIRE—Non Ferrous to Specification 
For Special Purposes 
American Brass Co., Waterbury, Conn. 
Hudson Wire Co., Ossining, N. Y. 
Seymour Mfg. Co., Seymour, Conn. 
Winsted Div. of Hudson Wire Co., Winsted, 
Conn. 


WIRE—Spring 
American Brass Co., Waterbury, Conn. 
Continental Steel Corp., Kokomo, Ind. 
Keystone Steel and Wire Co., Peoria, Ill. 
Republic Steel Co., Youngstown, Oo 
Seymour Mfg. Co., Seymour, Conn. 
Wickwire Spencer Steel Co., New York, 


N. Y. 
Youngstown Sheet & Tube Co., Youngstown, 
Ohio. 


WIRE—Steel—Also Coppered Steel— 
Also Galvanized Steel 
Continental Steel Corp., Kokomo, Ind. 
Keystone Steel & Wire Co., Peoria, Ill. 
Republic Steel Co., Youngstown, O. 
Wheeling Steel Corp., Wheeling, W. Va. 
Wickwire Spencer Steel Co., New York, 
Nice 
Youngstown Sheet & Tube Co., Youngstown, 
Ohio. 
WIRE—Weaving—Non-ferrous 
American Brass Co., Waterbury, Conn. 
WIRE AND STRIP—Brass, Zinc 


American Brass Co., The, Waterbury, Conn. 
Platt Bros. & Co., The, Waterbury, Conn. 
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THE CONGRESS HOTEL, CHICAGO, ILLS. 


Special 
Low 
Rates 


% & 


Make 
Your 
Reservations 
Early 


Plan 
NOW 
To Come 
To The 
Show 











This is a carefully classified index of concerns who specialize in this industry and who advertise regularly in WIRE 
& WIRE PRODUCTS. Please mention WIRE when writing to these firms. 
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THE WATSON MACHINE COMPANY 


ESTABLISHED 1845 
PATERSON, NEW JERSEY, U.S. A. 


ENGINEERS - FOUNDERS - MACHINISTS 





Tubular High Speed (All Steel Rotor) Stranders 
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THE WATSON MACHINE COMPANY 
PATERSON, NeW JERSEY. 











These machines are built standard by us in spool sizes of 25, 50, 100, 
250 and 500 pounds; in 7, 12, 19 and 25-spool rotors. 


Balanced Steel Rotor Body, with Steel Cradles and Spiders, Im- 
proved Threading and Guide Arrangements, with Textolite Sup- 
port Rollers, are some of the main features. 


We solicit your inquiries. 


ELECTRICAL WIRE AND CABLE 
WIRE ROPE and CORDAGE MACHINERY 














































































The illustration at left shows an installation of two pit type furnaces for 
bright annealing wire. The Elfurno gas generator shown at left provides 
the special atmosphere used in this equipment. Other similar installations 
have been made for normalizing rod and annealing low carbon steel wire. 
Advantages of this equipment include increased tonnage per pit, improved 
fuel economy, more uniformly annealed wire, lower maintenance cost, 
maximum flexibility, decreased annealing time and labor requirements. 













The illustration at left shows a continuous controlled atmosphere furnace 
installation for bright annealing fine copper wire on spools—no vapor or 
water seal is used in this equipment—the wire comes out uniformly an- 
nealed, bright and dry, ready for shipment or further processing. Other 
outstanding installations have been made for bright and clean annealing 
ferrous and non-ferrous wire, stampings, strip and tubing in coils and 
straight lengths. Additional information will be sent on request. 










The continuous, gas-fired, controlled atmosphere furnace shown at left was 
built for a prominent brass and copper company for clean annealing brass 
and bronze wire in coils. The wire is carried through on a series of con- 
tinuous alloy chains spaced to carry both small and large coils. The 
furnace handles 5000 Ibs. per hour, and according to the purchaser “‘pro- 
duces a high quality, low cost anneal with very good finish’. 













The illustration at left shown one unit of an installation of electrically 
heated circular pit type furnaces installed in a prominent steel plant for 
annealing high carbon and alloy steel wire rod in coils without scale or 
decarburization. This is one of several similar installations we have made 
for this process. 














The rugged, dependable, continuous chain belt conveyor type furnaces which 
we have built for the past seven years are now being designed for use 
with special atmosphere for scale-free heat treating and clean and bright 
hardening miscellaneous products. These furnaces produce a superior pro- 
duct at no appreciable increase in cost. Several are now in operation and 
are producing rather remarkable results. A furnace for clean and bright 
hardening bolts is shown at left. 





We specialize on building electric and fuel fired furnaces to fit 
the customer’s specific requirements—for any process, product 
or production. A recent installation of our improved fuel fired 
pit type wire annealing furnace is shown at left. Other recent 
installations include furnaces for billet heating, brazing, bright 
annealing, carburizing, normalizing, nitriding, etc. Our engi- 
neers will be glad to work with you on your problems. 











THE ELECTRIC FURNACE CO. 
SALEM, OHIO. 





Fuel-Fired Electric 
Furnaces Furnaces 








